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PREFACE

‘ The intent of this report is to provide a comprehensive and up to date technical resource
document to assist EPA, state and local air pollution control agencies, and other users in
developing better and more effective monitoring networks for the photochemical' poliutants.
The information may be used by EPA in the future for developing more definitive guidelines
and criteria for such monitoring. However, this report in itself does not constitute the official
monitoring guideline of the Agency.
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1. SUMMARY

Pollution measurements are made for a wide variety of purposes, but attempts are seldom
made to link physical characteristics of a sampling location with the problem being addressed.
. This may -be because coherent schemes have not been devised for classifying sites and relating
their characteristics to intended data use. A good site classification system is needed because .
‘monitoring stations operating for many years, at the cost of thousands of dollars for equipment,
maintenance, and data processing, must be located where the data will satisfy the intended pur-
poses. The costs of poor siting procedures go beyond the direct costs of establishing and
. operating the stations. Data used to plan large-scale air quality control programs must be sound
if they are to warrant the economic and social impacts. Other data uses will have different
requirements and different consequences, but in most cases there will be considerable
justification for carefully matching monitoring sites with monitoring purposes.

The uses of air quality data can be broadly categorized as:
- . Air quality assessment '
- Development and evaluation of control plans
- Enforcement of regulations
- Research
- Public health studies
- Miscellaneous purposes.

. Each category has its subcategories, but at no level of classification does this system
directly relate to physical factors. A site classification system that can be used to define an
appropriate set of physical characteristics for each site type must examine the uses of the data
in terms of the physical factors that influence the data. For example, different monitoring pur-
poses will have different levels of appropriate spatial smoothing. Sometimes it is necessary to
provide data representative of a neighborhood within the city; other uses require the represen-
tation of larger areas. Spatial representativeness provides a basis for classifying stations and
their uses. Furthermore, it has a physical basis that can help to define the required station
characteristics.

The measjrement scales that are of greatest importance for the photochemical pollutants
are: ,
hd Urban to regional scale, to define multi-neighborhood or citywide conditions on"a scale
from several kilometers up to larger suburban or rural areas of reasonably homogene-
ous geography and extending for several tens of kilometers.

Neighborhood scale, to define concentrations within some extended area of the city
that has relatively uniform land use; dimensions are of the order of a few kilometers.

Factors §ther than measurement scales have also been incorporated into the system for
- classifying thg; monitoring purposes. For the photochemical pollutants, there are differences
related to the pollutants’ roles as reactants and products. For example, the air quality guide-
lines for NMAC emphasize their role as reactants, while the oxidant standards are differently
oriented. Evin though the scales of interest might be similar for air quality monitoring of
NMHC and Q_, the site selection processes will differ because of the intrinsic differences

between reactan's and products.

For any pollitant that has large individual sources, some monitoring is likely to be done.
to determine the impact of those sources on their surroundings. This source-oriented monitor-
ing can have diﬁ'erent siting requirements from other, more general monitoring objectives. The
‘classification of objectives and the corresponding site types should take the differences into
account. 1\

This rebm_t describes a site classification system based on the considerations discussed
above. Table lgsummarizes this system. The types of monitoring sites have been chosen to
meet the major dasses of monitoring data usage. Those classes were developed on the basis of

‘i 1




Table 1

SUMMARY OF IMPORTANT CHARACTERISTICS
OF MONITORING SITE TYPES

Applicable
General Site | Subtype Scale to be |Photochemical General Location Description Specific Site and Inlet Requirements
Type Represented | Pollutants’ i
Neighborhood | Source- | Small end of NO, In area most likely to be heavily | Inlet 3 to 15 m high and away from
Oriented { Neighborhood NO, affected by emissions from the vertical walls. Site ghould be
scale NO_) point source of interest. Can separated from buildings, trees, etc.
ang be determined from simple Gaussian | by about twice the height of the
NMHC models and climatologfcal obstacle above the inlet. Separation
sumnaries. from highways ghould be:
Average Daily Pollutent
(Vehicles) NMHC No/mz
<1000 15 m 20 m
1,000-10,000 15-400 m 20-250 m
>10,000 >400 m >250 m
Neighborhood | Genoral | Neighborhood, NO, In an area of homogenous land For defining typical population.
a few ¥o, use, and sufficiently removed exposures, the site will be in a typical
kilometers NMHC from individual sources and neighborhood in the central part of the
and sinks to be representative. urban area. Maximum concentrations will
0 Areas subject to impact by be found near maximum emissions for RO,
* large point sources should be and NMHG; for O, maxima see product.
avoided. catagories. Inlet should be 3 to 15 m
high and away from vertical walls.
Separation from highways should be:
Average Daiiy
Traffic Pollutant
(Vehicles) Ox NMHC No/No,
<1000 20m 15 m 20 m
1,000-10,000 20-250 m 15-400 m 20-250 m
>10,000 >250 m  >400 m  >250 m
Neighborhood | Ymportant|Laxrge end of No, In areas where the emissions might Inlet heights and separation from
Reactant |Neighborhood Ko, be expected to serve as reactants roadways should be the same as defined
Axea Scale NMHC to produce oxidants that would above, Areas subject to the impact of
impact on semsitive regions. Can- large individual sources shuuld bhe
didate sites will be upwind of identified (see discussion for source~
sensitive regions during photochem- | oriented monitoring) and avoided.
ically active meteorological condi-
tions, e.g. temperatures above 80 F.
Neighborhood | Important]Large end of Oy In areas of important 0, and NOp Inlet heights, roadway separationms,
Product |Neighborhood N0, concentrations. Maximum O, tends distances from obstructions are the
Area Scale to be about 5 to 7 hours travel same as discussed above.
distance downwind (for photochemic-
ally active meteorological condi-
tions) of the upwind edge of the
eity. If this distance falls with-
in the urban area, the maxima will
] be found just outside the urbanized
area. Maximum NO, concentrations
tend to be digplacéed downwind of
maximum NO, emissions areas about
one or two hours travel distance.
Urban/ General |Urban/ No, Background sites should be upwind Inlet heights, roadway separations and
Ragional Regional N02 of the city, especially for photo- [distances from obstructions are similar
Scale, tens NMHC chemically active meteorological to those given above.
of kilometers and conditions. Distances vary from
o, about 30 km for regions with a
population of 200,000 to 140 km for
the largest urban areas. If the
gite will be upwind under the most
photochemically active conditions,
the separations can be reduced.
General monitoring for purposes
other than defining background
concentrations need not be so
restrictive.




‘'spatial. representativity, .then subdivided according to the pollutant’s role as a reactant or a pro-
. duct.  The system also considers whether the impact of a major source is of concern.

,Most common monitoring purposes can be matched to appropriate site types in Table 1,
but this is only a part of a system of site types and site selection procedures. The application of
the concept of spatial representivity to the selection of sampling sites generally depends on
finding a location that will not be unduly influenced by specific sources or sinks--except for
source-oriented monitoring. Sometimes, when human exposure is involved, relatively sensitive

areas may be sought. These might be areas with high population density, or many aged or - -

infirm people.

The site selection procedures and criteria for each of the pollutants have been summarized
in a set of flow diagrams. Figure 1 shows the requirements for selecting a site for monitoring
NMHC. The general locations are chosen to be representative of areas of major impact--either
of an individual source, or an area where the reactants are most apt to lead to high levels of
ozone impact. The specific recommendations for inlet locations that are shown have been
chosen to minimize extraneous or very localized influences. '

A summary of the steps for selecting monitoring sites for NO and NO2 is shown in Figure
2. The minimum distance to roadways shown in the figure is based on an analysis that makes
use of the quasi-steady state relationship among 03, NO and NO concentrations and Gaussian
diffusion modeling. - To some extent, the recommended setbacks represent a compromise
between the ideal of minimal interference and the practicality of limited space. The locations of
the general areas that are most suitable for monitoring are based on analysis of data from
several areas--Los Angeles, San Francisco, St. Louis, Houston, the Northeast U.S., and
southwest Ohio. Inlet locations were chosen to minimize extraneous influences.

Figure 3 summarizes the procedures for selection of oxidant monitoring sites. The gen--
eral locations are based on the scale of representativeness desired, i.e. neighborhood or
regional. As with NO_, suggested guidance for locating the general areas that are suxtable is
based on analysis of ozone data from five specific urban or interurban areas.

In summary, the guidance presented here will serve as a technical basis for selecting sites -
that can be classified into a limited number of types. The standardization of physical charac-
teristics will ensure that comparison among sites of.the same type will not be clouded by pecu-
liarities in the siting. Use of the classification scheme does more than ensure compatibility of
data and allow reasonable comparisons among stations of the same type. It also provides a phy-
sical basis for the interpretation and application of those data. This should help to prevent
mismatches between what the data actually represent and what they are interpreted to
represent.
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FOR EXAMPLE:

 MAPS
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ASSEMBLE GENERAL BACKGROUND INFORMATION,
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POPULATION DENSITIES
*. TRAFFIC DISTRIBUTION :
. CLIMATOLOGICAL AND METEOROLOGICAL DATA

* EXISTING MONITORING DATA, IF ANY
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Y

IS A SOURCE ORIENTED OR A REACTANT
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Y
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Y

\
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SOURCE, FOR EXAMPLE:

* EMISSION RATE
* STACK PARAMETERS
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COLLECT INFORMATION ABOUT o

USE EMISSIONS INVENTORIES TO IDENTIFY

AREAS: OF GREATEST EMISSION DENSITIES
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\

y

SIMPLE MATHEMATICAL MODELS
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USE CLIMATOLOGICAL DATA AND |.
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"y

4
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MAXIMUM AVERAGE CONCENTRA -
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FREQUENT HIGH CONCENTRATIONS

SELECT SPECIFIC SITES:

INLET HEIGHT, 3—-15m

MIMIMUM SEPARATIONS FROM ROADWAYS
ADT < 1000, 15 m’
ADT 1000 TO 10,000, 15—400 m
ADT > 10,000, 400 m

FOR REACTANT ORIENTED MONITORS,

AVOID MAJOR POINT SOURCE EFFECTS

FIGURE 1 SCHEMATIC DIAGRAM OF PROCEDURE FOR SELECTING
NMHC MONITORING SITES




ASSEMBLE BACKGROUND
INFORMATION
L
PRODUCT ORIENTED | _ IS THE MONITORING TO g REACTANT ORIENTED;
EMPHASIS WILL BE ON NOo| BE REACTANT ORIENTED > _WILL MOST OFTEN BE
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USE MODELING TO ESTIMATE
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. CONCENTRATIONS

Y | IDENTIFY AREAS OF
‘| MAJOR NO, EMISSIONS

A
IDENTIFY MOST FREQUENT

REGIONAL SCALE

[ IDENTIFY MOST FREQUENT WIND DIRECTIONS DURING
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DIRECTION WHICH IS WITH LOW WIND SPEEDS
MOST OFTEN UPWIND : ; ¥
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MINIMUM DISTANCE TO URBAN EMISSIONS REGION. FOR 1 ADT > 10,000, > 250 m
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ADT > 10,000, > 250 m
AVOID POSSIBLE INFLUENCE
OF LARGE NOyx SOURCES

FIGURE 2 SCHEMATIC DIAGRAM OF PROCEDURE FOR SELECTING NEIGHBORHOOD
AND REGIONAL SCALE MONIZORING SITES FOR NO AND NOoy




ASSEMBLE BACKGROUND INFORMATION:
« MAPS

* EMISSIONS' INVENTORIES FOR NMHC AND NOy

* CLIMATOLOGICAL DATA
* EXISTING Oz, NMHC AND NO,/NO DATA

J
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\

SELECT SPECIFIC SITE.
AVOID LOW LYING AREAS.
.AVOID INFLUENCE FROM
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ADT 1000—10,000, 20—250 m
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SHOULD BE IN AN OPEN
AREA WITH NO NEARBY
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BE AWAY FROM SURFACES
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3 TO 15m

1 AT WIND SPEEDS PREVAILING DURING

\ 4

HIGH CONCENTRATION AREAS

y

DETERMINE MOST FREQUENT

.WIND SPEED AND DIRECTION
FOR PERIODS OF IMPORTANT
PHOTOCHEMICAL ACTIVITY
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USE EMISSIONS INVENTORIES TO
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Y
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IS ‘MOST FREQUENTLY DOWNWIND
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BY AIR MOVING FOR 5 TO 7 HOURS

PERIODS OF PHOTOCHEMICAL ACTI-
VITY. FOR HEALTH RELATED PURPOSES,
A MONITOR OUT OF THE MAJOR NO
EMISSIONS AREA, BUT IN A POPULATED
NEIGHBORHOOD iS DESIRABLE.
PROSPECTIVE AREAS SHOULD ALWAYS
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EMISSIONS -

DETERMINE MOST FREQUENT
WIND DIRECTION ASSOCIATED
WITH IMPORTANT
PHOTOCHEMICAL ACTIVITY

SELECT PROSPECTIVE MONITOR-
ING AREA UPWIND FOR

MOST FREQUENT DIRECTION

AND OUTSIDE AREA OF CITY
INFLUENCE--SEE FIGURE 19

Y

SELECT SPECIFIC SITE. AVOID
VALLEYS; HILLTOP LOCATION
DESIRABLE, AVOID INFLUENCE
FROM NO, SOURCES. MINIMUM
SEPARATIONS FROM ROADWAYS:
ADT < 1000, 20 m
ADT 1000-—-10,000, 20—250 m
ADT > 10,000, > 250 m
INLET SHOULD BE WELL
REMOVED FROM OBSTACLES
AND AT A HEIGHT OF
3TO15m

FIGURE 3 SCHEMATIC DIAGRAM OF PROCEDURE FOR SELECTING OXIDANT MONITORING SITES




2. INTRODUCTION

2.1. Purpose

As awareness of air pollution and its effects increases, so does the importance of measur-
ing the concentrations of the various air pollutants. Unrepresentative data may be misleading
and of less value than no data at all, even though the cost of poor data will not differ much
from the cost of high quality data. It is.not surprising that a proper methodology for the collec-
tion of air quality data should be of concern. This report focuses on the identification of suit-
able locations for monitoring pollutants reiated to photochemical oxidant formation, i.e.:

- Nonmethane hydrocarbohs (NMHC)
- Nitrogen dioxide (NO,)

- Nitric oxide (NO)

- Oxidants (0,)

2.2. General Approach

The establishment of siting criteria for monitoring stations starts by finding why the\pollu-
tants of interest are monitored. Siting criteria describe the proper physical location of a moni-
tor, so they are physically related to the .reasons for monitoring. The second step toward
finding siting criteria for different monitoring purposes is to categorize the purposes according
to a physically based classification system. The final step is to review existing data and interpret
those data in such a way that specific siting criteria can be recommended. -

This report reviews the reasons for monitoring pollutants, and then a physically based sys-
tem for classifying these reasons is described. The discussions of the siting criteria and their
derivation have been prefaced with a section that discusses pollutanis of interest, their sources,
physical characteristics. Most of the data and analyses that led to the final siting recommenda-
" tions are discussed in the last section of the report.







3. IMPORTANT CHARACTERISTICS OF THE PHOTOCHEMICAL POLLUTANTS
3.1. Nonmethane Hydrocarbons

3.1. 1 General

. The analysxs of urban air for individual, nonmethane hydrocarbons (NMHC) has revealed
the presence of so many different compounds that it is very difficult to specify a set of charac-
teristics defining "hydrocarbons.” However, the reference method for the determination of
hydrocarbons defines the hydrocarbons of interest to be those compounds that pass through a
filter with a porosity of 3 to Sum and that cause a flame ionization detector to give a signal
(Lawrence Berkeley Laboratory--LBL, 1973). In addition to the many compounds involved,
another complication encountered when measuring hydrocarbons is the large amount of natural
methane present compared with the other hydrocarbon molecules. The methane concentration
is usually more than the concentration of the rest of the hydrocarbons combined, but methane
is not considered an important pollutant (Public Health Service--PHS, 1970a) because it does
not react appreciably to form harmful compounds. For most purposes, the hydrocarbons other
than methane are of interest, hence, the desire to measure "nonmethane hydrocarbons." The
most important characteristic of the NMHC, from an air pollution standpoint, is their ability to
enter into reactions with other compounds to produce secondary, harmful contaminants.

3.1.2. Sources of NMHC

Table 2 shows the nationwide estimates of hydrocarbon emissions for 1975. The table
shows -highway vehicles to be very important sources of hydrocarbons. Organic solvent usage
and refining are other major sources of hydrocarbon emiissions. These source types illustrate
the two major categories; mobile and stationary. Mobile sources are mainly comprised of gaso-
line powered vehicles with a small contribution from other types of vehicles, including aircraft
and diesel engines.

3.1.3. Reactions

A complete description of the complex reactions by which oxidants arise from the NMHC
is beyond the scope of this report, but a simplified summary can be given. The starting point is
nitrogen dioxide (NOZ) a product formed by the oxidation of nitric oxide (NO) which is
formed during combustion. In the absence of hydrocarbons, NO, is dissociated by sunlight to"
produce NO and an oxygen atom. The oxygen atom combines with the atmospheric molecular
oxygen to produce ozone (O;) which then combines with the NO to produce NO,. Then, as
shown schematically in Figure 4, the process begins anew. Actually, the process 1s continuous
and there are equxhbmm concentrations for each of the species. Photochemical oxidant con-
centrations are increased when the steady state of the NO, photolytic cycle is disrupted by
NMHC that react with the NO to unbalance the cycle. Then ozone builds up to redress the bal--
ance. Figure 5 schematically illustrates the role of hydrocarbons. Hydrocarbons also react with
atomic oxygen to produce oxidized compounds and free radicals which react with NO to further
change the photolytic ethbnum

3.2. Nitric Oxide ;and Nitrogen Dioxide

3.2.1. General

Nitric Oxide (NO) is formed during the combustion of fossil fuels. Currently, there is no
evidence that NO is ahealth hazard at concentrations normally found in the atmosphere (EPA,
1971). Concern over the ambient levels of this gas and their relation to air quality arises
because NO is frequently oxidized to form 'nitrogen dioxide (NO ) Nitrogen dioxide is not
only toxic, it is also’ cerroswe and highly oxidizing. Small amounts of NO,, usually less than
0.5 percent, are formed directly during high temperature combustion. Some NO,, less than 10
percent, is formed by the direct oxidation of NO in the short interval between the ejection of
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Table 2
NATIONWIDE ESTIMATES OF HYDROCARBON

EMISSIONS, 1975

Source Category Emissions

P
106 tons/year ercent of Total

Transportation 11,7 ' - 37.9
Highway 10.0 32.4
Non-Highway ‘ 1.7 5.5

Stationary Fuel Combustion 1.4 4.5
Electric Utilities 4 0.1 0.3
Other 1.3 4.2

Industrial Processes 3.5 11.3
Chemicals 1.6 5.2
Petroleum Refining 0.9 2.9
Metals 0.2 0.6
Other 0.8 2.6

Solid Waste ) 0.9 2.9

Miscellaneous 13.4 43.4
Forest Wildfires 0.6 1.9
Forest Managed Burning 0.2 0.6
Argricultural Burning 0.1 0.2
Coal Refuse Burning 0.1 0.2
Structural Fires . <0.1 0.1
Organic Solvents . 8.3 26.8
0il and Gas Production

and Marketing 4.2 13.6

Total ‘ , 30.9 100.0

Source: Hunt, et al, 1976 .
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FIGURE 4. ATMOSPHERIC NITROGEN DIOXIDE PHOTOLYTIC CYCLE
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FIGURE 5. INTERACTION OF HYDROCARBONS WITH THE ATMOSPHERIC
NITROGEN DIOXIDE PHOTOLYTIC CYCLE




NO as an exhaust product and the time when it is diluted to concentrations below 1 ppm. Most
of the NO, found in the atmosphere results from the oxidation of NO to NO, in the presence
of sunlight, ozone and hydrocarbons. The other oxides of nitrogen in the atmosphere have not
been considered because they are present only at very low concentrations or they are photo-
chemlcally nonreactive.

3.2.2. Sources

Table 3 shows the nationwide, anthropogenic emissions for NO_. Stationary fuel combus-
tion accounted for over half of the total in 1975. - Transportation is the other major source,
accounting for over 44 percent of the total amount emitted. Other minor contributors were
solid waste disposal and industrial processes.

3.2.3. Reactions

The part1c1pat10n of ox1des of nitrogen in the photochemical process was illustrated
schematically in Figures 4 and 5. The example of diurnal changes of O,;, NO and NO, concen-
tration shown in Figure 6 also illustrates some of the photochemical phenomena. Before day-
light, on this particular day in Los Angeles, the concentrations of NO and NO, remain rela-
tively constant. As urban activity increases from 6 to 8 a.m., the concentrations of the primary

pollutants, CO and NO, increase dramatically. Then, in response to increasing solar ultraviolet
radiation, the amount of NO, increases as NO is converted to NO,. As the NO concentration
falls to very low levels (less than 0.1 ppm), photochemical oxidants begin to accumulate and
reach a peak about midday. The increase in automobile traffic in late afternoon and evening
caused an increase in the NO concentration. Even in the absence of sunlight, NO, continues to '
be formed from NO by ozone until the O supply is exhausted.

3.3. Photochemical Oxidants

Oxidants are defined as those atmospheric substances that will oxidize specified reagents;
potassium iodide is the most common of these reagents. The most abundant of these oxidants
is O;. For this reason, the term oxidant and ozone are often used interchangeably. In general,

- we do not distinguish between the two in this report. Ozone is not usually emitted directly into
the atmosphere, but is instead a secondary pollutant that is formed over a period of time from a
variety of atmospheric reactants. Ozone interacts with' the environment more than any other
ambient pollutant. -1 reacts with'other pollutants, with vegetation, with sampling probes, and it

is easily destroyed by these reactions. Ozone’s reaction with NO causes the amount of ozone
near highways to be much lower than that found nearby, away from the road.

As Figure 6 shows, the oxidant concentration is apt to reach a peak later than the concen-
trations of the hydrocarbons and oxides of nitrogen from which it is formed. Oxidant forma-
tion is affected by the intensity and duration of sunlight, temperature, and the emissions and
dilution processes affecting atmospheric concentrations of the other particpants in the photo-
chemical reactions. The relationship between the primary emissions of NO_ and NMHC and
the subsequent formation of atmospheric ozone is difficult to quantify. The s’fow formation and
the transport ofesecondary pollutants tend to. produce large separations, spatially and temporally
between the mdor sources and the areas of high oxidant poliution.

There are a fe‘?{ primary sources of ozone, usually 1nvolv1ng electrical discharge. In gen-
eral, these are nol Wmportant contributors to observed urban concentrations, except in their -
immediate vicinity. Ozone can also be brought to the surface from the stratospheré where it is
formed by photodissociation of oxygen and recombination to ozone. Ozone accumulations have
been observed frequently within inversion layers over urban and rural areas (Johnson and
Singh, 1975; Mlllet and Ahrens, 1970; Pitts, 1973). Convection can bring these elevated layers
to the surface. -
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Table 3
NATIONWIDE ESTIMATES OF OXIDES OF NITROGEN | h

EMISSIONS, 1975 -

Source Category Emissions

Perci - i
,106 tons/year \ercent of Total

Transportation 10.7 44.2
Highway 8.2 33.9
Non-Highway 2.5 10.3
‘ i
Stationary Fuel Combustion 12.4 51.2
Electric Utilities 6.8 28.1
Other 5.6 23.1
Industrial Processes 0.7 2.9
Chemicals 0.3 1.2
Petroleum Refining 0.3 1.2
Mineral Products - 0.1 0.4
Other <0.1 <0.1
Solid Waste 0.2 0.8
Miscellaneous 0.2 0.9 |
Forest Wildfires. 0.1 0.4
Forest Managed Burning <0.1 <0.1
Agricultural Burning <0.1 <0.1
Coal Refuse Burning 0.1 0.4
Structural Fires <0.1 <0.1
Total ; 24,2 100.0 -

Source: Hunt, et al., 1976
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34. vNational Air Quality Standards

The air quality standards for the photochemical pollutants_are‘summarized in Table 4.
The underlying motivation for all the primary standards is the protection of public health.
Ambient air standards for oxidants were chosen to keep the hourly level at less than 0.08 ppm
(Schuck et al., 1970) to provide a margin of safety. ‘ ' '

Although NMHC at the usual ambient levels are not generally considered to constitute a
health hazard, some studies have shown that an average 6-9 a.m. concentration of 0.24 ppm of
NMHC can produce a maximum hourly average concentration of ozone of up to 0.1 ppm
(Schuck et al., 1970; Dimitriades, 1972). To keep oxidant levels below this value, guidelines
for NMHC were chosen to be a maximum of 0.24 ppm for the 6-9 a.m. average concentration,
not to be exceeded more than once each year. However, these guidelines are only applicable in
areas where the other precursors necessary to produce violations of the oxidant standard are
also present. ‘ ‘

Recently, the joint effects on ozone production of the hydrocarbons and the oxides of
nitrogen have been considered in the formulation of urban ozone control strategies. Figure 7 is
a representation of the relationship among the initial concentrations of NO_ and NMHC and
the amounts of 03 that can be produced in the presence of sufficient sunliéﬁn. It is apparent
from Figure 7 that the NMHC guidelines could be exceeded in rural areas with very low NO
concentrations without resulting in oxidant violations. Thus, there is an implied caveat to the -
measurement of NMHC for purposes of assessing whether oxidant standards are likely to be
violated, i.e., the presence of sufficient NO_ for photochemical production of ozone is assumed.
The primary and secondary standards for 25‘102 are 0.05 ppm, based on an annual arithmetic
average. ‘
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TABLT 4

NATIONAL AIR QUALITY TANDARDS~FOR,THE PHOTOCHEMICAL POLLUTANTS
- » - (Source: Fed. Reg., 1971) -

Pollutantfkn' Averaglng Primary Secondary Fédera}'Reference
S T1me | Standards’ Stgndards Principle
Photochemlcal) lethonf‘ 'léo,ug/m:,‘M,, Same,aé~_f Gas phase
Oxidants . . (0.08 ppm).. . primary - - chemiluminescence
(corrected for : standard . - - R :
NO, and 502)
Hydrocarbbﬁs' . 3 hours L 160 pg/m3 Same as - Gas chromatography
(corrected for 9-6 a.m, - (0.24 ppm) ' primary ~—.flame ionization
methane)' - ‘ S P : 'Staﬂégﬁd detec?;on.;
.Nitrogen - -Annual ;100,gg[m. - Same: as. . Gas phase - v
Dioxide Arithmetic. | (0.05 ppm)- . primary chemiluminescence
Meand - ‘ ' standard ‘

a National standards other than those based on annual arithmetic means or
annual geometric means are not to be exceeded more than once per year.

b National Primary Standards: The levels of air quality necessary, with
" an adequate margin of safety, to protect the public health. The hydrocarbon
standard is used only as a guide in devising implementation plans to achiecve
oxidant standards.

¢ National Secondary Standards: The levels of air quality necessary to protect
the publlc welfare from any known or anticipated adverse effects to a pollutant.
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4. MONITORING OBJECTIVES AND SITE TYPES

4.1. General .

Table 5 summarizes some of the common momtonng objectives. Each pollutant to which
a particular objective applies is marked by an "X" in an appropriate column. The monitoring
purposes listed in Table 5 are grouped into five general categories and one miscellaneous group.
The table shows that not all purposes apply to all pollutants. For example, toxic pollutants may
be monitored for purposes related to their effect on humans, while the nontoxic materials may
be monitored for other reasons. This section discusses factors that are importarit to the siting
of monitors for photochemical pollutants and to the development of a site classification system.

4.2. Important Pr1nc1ples for the Cllass1ﬁcation of Monitoring Objectives

Any site classxﬁcatlon scheme should have a phys1cal basis. A useful classifiction system
can be devised on the basis of the spatial area that is to be represented by the measurements.
This is a good example of a physical rationale for classification of monitoring purposes. The
secondary pollutants, particularly oxidant, require appreciable formation time. Hence, mixing
of reactants and products through large volumes of air will occur. This mixing reduces the
importance of monitoring small-scale spatial variability. The monitoring of small-scale variabil-
ity of the primary pollutants may sometimes be of only marginal importance also. For instance,
the reasons for monitoring NMHC are usually related to the role of hydrocarbons in the pro-
duction. of oxidant. This role is accomplished only after a considerable elapsed time and large-
scale mixing. Again, mixing tends to produce uniformity in the distribution of the products.
That uniformity in turn reduces the 1mportance of measurmg the small scale vanablllty in the
distribution of .the primary reactants.

There are several kinds of sources of primary pollutants. For some monitoring objectives,
the nature of the source will influence the desired characteristics of the monitoring site. Some
emissions are the product of numerous small individual sources. Other emissions may be pro-
duced in large quantities from a small number of localized sources. Furthermore, the localized
sources may be at ground level, or they may be elevated. Combinations of these source types
are quite common.

Finally, meteorological factors are important to the site selection process. For example,
‘when monitoring secondary pollutants, one must idehtify areas generally downwind of the pri-
mary pollutant sources during periods of strong oxidant formation. It will be important to con-
* sider the winds, in combination. with the length of time required for the oxidant to form, and
the locations of the major sources of the reactants. Meteorological factors also affect the selec-
tion of monitoring sites for primary pollutants, particularly when it is important to monitor the
impact of a single, large, elevated source. In such cases, the areas of maximum impact will be

governed by climatological factors. The frequency of occurrence of certain combinations’ of
" wind speed, wind direction, and atmospheric stability will govern when and where the plume
from an élevated source of primary pollutants has its greatest ground level impact. Meteorolog-
ical factors are also important for the location of areas where secondary pollutants reach their
highest concentratlons

A site classification system should distinguish between source-oriented monitoring and
monitoring which is not directed toward the determination of the effects from large, individual
sources. Some distinction is necessary between the primary and the secondary pollutants, that
is, between reactants and products.

In summary, the following physical factors need to be considered in classxfymg momtormg
objectives and assigning site types:

1. * Whether the effects of a single, large source are to be typified or excluded.

2. Atmosphenc chemical reactlons and whether the monitoring -is supposed to. provide
1nformat1011 about the reactants or the products.
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Table 5
MONITORING OBJECTIVES FOR NHMC, NO, N02, AND 0x

POLLUTANT
PURPOSE NHMC | NO | NO, | Oy |
AIR QUALITY ASSESSMENT
e Determine current air quality and trends X X X X
ENFORCEMENT OF REGULATIONS
o Determine compliance with Air Quality
Standards ‘
- Federal primary X X X
~ State or local X X X
o Provide data for preparation of
environmental impact statements X X X
DEVELOPMENT AND EVALUATION OF CONTROL PLAN
e Evaluate results of control measures
- Local ‘ X X
- Larger area X X
RESEARCH - ORIENTATION ‘
¢ Evaluate the contribution to observed
concentration of specific sources,
by type and location of emissions
-~ Natural ‘ X X
- Man-made ; X X X
¢ Provide information on chemical reactions '
involving the pollutants and their
veactivity : X X X X
¢ Provide a basis for describing processes
that affect pollutant concentration X X X X
¢ Test monitoring equipment } ‘ X X X X
PUBLIC HEALTH
e Determine long-term trends ‘ X X X X 3
¢ Provide a basis_ for invoking short- term ‘ i
or emergency control measures X X X X
MISCELLANEOUS
¢ Evaluate effects of exposure on humans X ¢
¢ Determine effects on plants, animals,
and materials X X
¢ Assess representatives of existing
monitoring sites : : X X X X
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3. The scale to be represented, especially:
- Neighborhood, and
- Urban to Regional.
The spatial scales of interest can be defined as follows.

Neighborhood: Measurements in this category would represent conditions throughout
some reasonably homogeneous urban subregion, with dimensions of a few kilometers. Homo-
geneity refers to.pollutant concentrations. These kinds of stations would provide information
relating to health effects and compliance with regulations because they will also represent condi-
tions in areas where people live and work. Neighborhood-scale data will provide valuable infor-
mation for developing, testing, and revising concepts and models that describe the

urban/regional concentration patterns. They will be useful to the understanding and definition
of processes that take hours to occur and hence involve considerable mixing and transport.'

Urban to Regional: This scale of measurement would be used to typify concentrations
over very large portions of a metropolitan area and even larger rural areas with dimensions of
as much as hundreds of kilometers. Such measurements would be useful for assessing trends
in city-wide air quality and the effectiveness of larger scale air pollution control strategies.
Measurements that represent a city-wide area will also serve as a valid basis for comparisons
among different cities. % o

43 Site Types to Meet the Monitoring QObjectives

When the monitoring objectives have been classified, site types can be identified that wil
meet the important objectives. Most monitoring objectives for the photochemical pollutants
stress neighborhood and larger scales of representativeness. The importance of source-oriented
monitors, or reactant-versus-product oriented monitors, is different for each of the pollutants.
4.3.1. Site Types for Monitoring NMHC ‘

The most important monitoring objectives for NMHC require specification of concentra-
tions on the urban-to-regional scale with due consideration given to the role of the NMHC in
the formation of oxidants. Other objectives requite neighborhood scale measurements to iden-
tify contributions of specific sources. The imjortant site types for NMHC would be
"urban/regional® and "neighborhood". Each of thest has two subtypes. For the "neighborhood"
site, the subtypes are "general’” and "source charicterization." For the "urban/regional" sites,
important subtypes are "general" and "important reactant area”. :

4.3.2. Site Types for Monitoring NO

The most important monitoring objectives for NO are the same as for NMHC, because
both are important to the formation of photochemical pollution, but are generally not con-
sidered toxic at ambient levels. The site types required to meet the most important objectives
of NO monitoring will be the same as those for NMHC. This does not necessarily mean that
the individual sites would be collocated. For eXample, an "urban/regional site--important reac-
tant area” might be in a different place for NO than for NMHC because of differences in source
distributions. A

4.3.3. Site Types for Monitoring NO,

Objectives that req,uire x?e.ighborhood scale measurements are common in monitoring NO
because of the pollutant’s toxicity. There are fpur possible subtypes: :

1%

£
H
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- General
- Source. characterization
- Important reactant area
- Important product area
Urban/regional site types are also considered important for NO, monitoring.

4.3.4. Site Types for Monitoring Ox

Many of the most important oxidant monitoring objectives are related to its status as a
product in the photochemical process and most require measurements that represent the larger
scale features of O_ distribution. Therefore, the appropriate sites should be located so that the
product nature of tﬁe pollutant is emphasized.

4.4. Summary of Monitoring Site Taxonomy for the Photochemical Pollutants

Table 6 summarizes a suggested set of site types that should meet nearly all the important
monitoring objectives. In subsequent sections, the requirements for locating sites of the sug-
gested types will be explored. The site classifications shown in Table 6 were derived to meet
the important requirements of photochemical pollutant monitoring. The classification scheme is
related to similar approaches that have been applied before to the problem of deriving site types
for carbon monoxide monitoring (e.g., Ott, 1975; Ludwig and Kealoha, 1975), sulfur dioxide
monitoring (Ball and Anderson, 1977), and for particulate sampling (Ludwig, Kealoha, and
Shelar, 1977). This provides a common basis for site selection that leads to similar monitoring
site types for the different pollutants so that integrated, multipurpose monitoring will often be
feasible.
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Table 6

MONITORING SITE TYPES FOR THE
PHOTOCHEMICAL POLLUTANTS

General Site Subclass Scale to be Other Important Photochemical Remarks
Type Represented Factors Pollutants to
which most :
applicable -
Neighborhood Source- Smaller end of |Areas where measure- NO,, NMHC, NO .
| oriented the neighbor- ments will identify
hood scale, contributions of
1-2 km specific sources
Neighborhood General Neighborhood Areas. where measure- NOy, NMHC, Oy Similar to source
ments will be NO oriented site, but
dominated by single not as restrictive
. sources are to be
{ avoided
1
Urban/regional Important Urban/Regional Areas where reactants NO, NMHC, NOjy
: reactant tens of km. are expected to con-
area tribute importantly
; to photochemical air
! quality especially in
' sensitive receptor
areas
Urban/regional | Important Urban/Regional | Areas where important |Oy, NOy Composite of
product photochemical pollu- neighborhood
. area tant products are observations
i expected to occur
Urban/regional | General Urban/Regional | Areas where measure- NO, NOj, NMHC, Similar to other
) ments: are representa- | Oy urban/regional
tive of whole region sites, but not so
without regard to its restrictive
importance in larger
scale photochemical
processes
Traffic | street canyon Middle, on Must be a large NO, NOz, Oy Specifically to
effeets or traffie the scale of traffic source of assess the impacts
corridor streets NO nearby of reactions among :
NO, NOj, and 0y !
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5. SELECTION OF MONITORING SITES FOR PHOTOCHEMICAL POLLUTANTS

5.1. General Principles of Site Selection

The selection of a specific momtonng site requires four major steps
Identify the purpose to be served by the monitoring

Identify the monitoring site type(s) that will best serve the purpose
Identify the general locations where the monitoring sites should be placed
Identify specific monitoring sites.

il

The major categories of monitoring purpose have been. hsted and that list includes most of
the possmle outcomes of Step 1 above.

Step 2 can be accomplished by the use of Table 7, which is'a matrix of the monitoring
purposes enumerated earlier and the station types given in Table 6. The combinations of mon-
itoring purpose and site type that apply to the different pollutants are indicated in Table 7.
This table is designed to serve as a guide to matching purpose with appropriate site type.

The most important principle in the selection of specific sites is that the effects from indi-
vidual sources, other than those of interest in source-oriented monitoring, should be minimal.
The concept of representativity implies homogenelty The regions of strong gradients need to
be identified and avoided. In general, the undesirable areas are likely to be associated with
strong individual sources or sinks, so the problem becomes one of locating the important
sources or sinks and assessing their effects on the surroundings. The importance of a source or
sink depends on the scale to be represented and on the concentrations prevailing in the region
of interest. In rural areas with low pollutant concentrations, a certain source or sink may distort
conditions appreciably, but that same source or sink in a city neighborhood might go virtually
unnoticed because of the generally higher concentrations and the greater density of similar
sources and sinks.

5.2. Site Selection Procedures

The following discussions of site selection have been kept specific. The justification for
the recommendations are given in Section 6 of this report.

5.2.1. Nenmethane Hydrocarbons

5.2.1.1. General

Figure 8 presents the step-by-step procedure for selecting nonmethane hydrocarbon mon-
itoring sites. The selection of monitoring sites begins with the assembly of the necessary back-
ground information. The first box of the flow chart in Figure 8 gives examples of information
that is valuable in the site selection process. Maps and aerial photographs of the region provide
information concerning the location of streets, commercial areas, and the nature of the regional
topography. If an emissions inventory has not already been compiled for the region, it will
probably be necessary to compile one. The Environmental Protection Agency (1974) has
prepared a guide for assembling emissions inventories. The methodology for calculating air
pollutant emissions factors has been described in detail in another EPA (1975) document. This
latter document is subject to frequent revisions and the issuance of supplements and addenda.
The user should use the most recent methodologies.

Population densities are important because they identify regions of great public exposure
and the distribution of population density in an area approximates the distributed source emis-
sions. If one knows the total emissions in the region arising from, say, space heating, then it is
reasonable to distribute these emissions according to the distribution of population. Population
and housing data are available for the census tracts within 241 Standard Metropolitan Statistical
Areas (SMSA). Figure 9 from one of these Bureau of the Census (1972) documents shows
the size of some tracts. In general, tracts are smaller in areas of dense population than in less
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Table 7

MONITORING PURPOSES AND SITE TYPES

Site Types
* Purpose Urban/Regional Neighborhood
: Traffic
I tant
I:g:z:::; ;Ezsu:: General Source General |[Effects or
Middle Scale
1. Determine compliance
with Air Quality
Standards
Federal Primary C, NO 0 NO,, O NO NO,, O o, NO
2 X 2’ x 2 2° "% x’ 2
d L
State and Local C, NO, Ox No;, O RO, NO,, O 0., NO,
2. Provide data for C, NO, NO, NMHC, O_, NO2 NMHC, NO, N02 NMHC, NMHC ,
preparation of x Noz. o NO,, O
environmental impact x 2’ x
statements
3. Evaluate the contribution
to observed concentration
of specific sourcea, by
type and location of
cmissions
Natural NMHC,
Man-made NMHC, NO, NO 0_, NO, NO
- 2 x 2
4. Provide information on HC, NO, NO2 NOZ’ 0x NMHC, NO, KO, No, NO,, NMHC | NO, NO,, NMHC, NO,,
chemical reactions 0. wme NO, O
involving the pollutants x ® x
and their reactivity
5. Provide a basis for des- Mc, No, No, |NO,, O NMHC, NO, NO, [NMHC, NO,, NO o, No,, NO
cribing processes that ' : *
affect pollutant concen-
tration
6, Test monitoring equipment NMHC, NO, NOZ: 0x NMHC, NO
NO 0
7. Evaluate results of 2 Tx
control measures
Local NMHC, NO2 I\;'(),), 0
Larger NMHC, N02 - X
8. Determine long-term trends NMHC, NO_, O_, NO NMHC, NO.,
2 x NO. O 2
9. Provide a basis for ) moz, NMHC 0, N02 Noz, 0_, NMHC NO, NO2 NO,, Ox,
invoking short-term or * ﬁMHCX
emergency control measures
10. Evaluate effects of human No,, © No, No,, O NO,, ©
exposure to the pollutants x X x
11. Determine effects on plantd NOZ’ [ NOZ’ (o] NO, NOZ’ [
animals, and materials x X *
12. Assess representativeness NMHC, Noz, 0_, NO NMHC, N02
of existing monitoring - X No, 0,

sites
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ASSEMBLE GENERAL BACKGROUND INFORMATION,
FOR EXAMPLE: ) -

o MAPS

LAND USE

EMISSIONS INVENTORIES

POPULATION DENSITIES

TRAFFIC DISTRIBUTION

CLIMATOLOGICAL AND METEOROLOGICAL DATA
EXISTING MONITORING DATA, IF ANY

e & & o o

Y

IS A SOURCE ORIENTED OR A REACTANT
ORIENTED MONITORING SITE BEING CHOSEN?

¢ “ ] ‘ . ¥

SOURCE ORIENTED REACTANT ORIENTED

‘ ]
COLLECT INFORMATION ABCUT ' USE EMISSIONS {INVENTORIES TO IDENTIFY
SOURCE, FOR EXAMPLE: . AREAS OF GREATEST EMISSION DENSITIES

* EMISSION RATE USE SIMULATION MODELS TO IDENTIFY LARGE
« STACK PARAMETERS
— DIMENSIONS AREAS OF HIGH, UNIFORM CONCENTRATIONS v

— EFFLUENT VELOCITY
AND TEMPERATURE

USE CLIMATOLOGICAL DATA TO IDENTIFY’
4 AREAS MOST LIKELY TO PRODUCE HIGH Oj
CSE CLIVATOLOGICAL DATA AND CONCENTRATIONS IN SENSITIVE AREAS .
SIMPLE MATHEMATICAL MODELS “ (SEE TEXT)

TO ESTIMATE AVERAGE CONCEN-—
TRATIONS AND FREQUENGCY OF
'HIGH CONCENTRATIONS AT
LOCATIONS IN THE VICINITY
OF THE SOURCE

SELECT SPECIFIC SITES:

INLET HEIGHT, 3-156m

MIMIMUM SEPARATIONS FROM ROADWAYS:

ADT < 1000, 16 m

¥ ADT 1000—10,000, 15—400 m
ADT > 10,000, > 400 m
SELECT CANDIDATE AREAS NEAR - FOR REACTANT ORIENTED MONITORS,
MAXIMUM AVERAGE CONCENTRA- AVOID MAJOR POINT SOURCE EFFECTS
TIONS OR IN AREAS WITH MOST
FREQUENT HIGH CONCENTRATIONS

FIGURE 8 SCHEMATIC DIAGRAM OF PROCEDURE FOR SELECTING
NMHC MONITORING SITES: '
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densely populated areas. The Office of Air Quality Planning and Standards of EPA has
prepared computer programs that will apportion area source emissions from the National Emis-
sions Data Systems (NEDS; see e.g., Bosch, 1975) into gridded areas according to population.
Valuable information concerning major point sources in the area are also available from NEDS.
Figure 10 gives an example of point source emission information from NEDS.

Traffic data are useful as bases for an emissions inventory, especially if they can be con-
verted into emissions estimates for different grid squares within the region of interest. A com-
puter program is available for converting traffic data from the Federal Highway Administration
or other sources into a gridded inventory for the pollutants, carbon monoxide, oxides of nitro-
gen, and nonmethane hydrocarbons. This program (Ludwig et al., 1977) can also be used to
calculate concentrations arising from traffic emissions for specified weather conditions and times
of day. .

Climatological and meteorological data are essential to the proper selection of monitoring
sites. One kind of climatological summary that is of particular use is the frequency distribution
of wind speed and direction. This information comes either as a tabulated joint frequency dis-
tribution like that shown in Table 8 (an example of material that is available from the National
Climatic Center in Asheville, North Carolina) or as a wind rose, another form in which the
same kind of information is often presented. Examples of wind roses are shown in Figure 11
from the National Climatic Atlas (National Oceanic and Atmospheric Administration, 1968).
More specific summaries might be useful for selecting reactant-oriented monitoring - sites.
Appendix B to this report contains a simple computer program that can be used with data from
the National Climatic Center to determine the joint frequencies of wind speed and direction
during periods of high temperatures. The stratification of the data on the basis of temperature
is justified because th: photochemical reactions tend to be more pronounced during such
periods. ' ‘ o

Finally, the site selection process chould use any existing monitoring data or special stu-
dies that are available for the region of interest. If a body of data exists from reasonably well
located monitoring stations, then those data will be more useful than modeling for determining
the locations of areas of maximum concentrations within the region. Special studies can also
provide useful information concerning the variability of concentrations in time and space. Spe-
cial studies often focus on important kinds of air pollution events and will provide useful gui-
dance for the location of monitors that will characterize similar events in the future.

Ludwig and Kealoha (1975) in their report on the selection of sites for carbon monoxide
monitoring presented several appendices to help identify sources of information that are useful
to the site selection process.

After the background material has been‘ assembled, ar decisioh must be made regarding
whether or not the monitor is to be the source-oriented or the reactant-oriented type. The two

branches in the flow chart in Figure 8 show the procedures for the selection of these two. -

different types of sites.

5.2.1.2. Soiu‘ce-Oriented Monitors

In general, source-oriented monitoring of NMHC is less important than reactant-oriented
monitoring, but there will be occasions when the effects and impacts of a specific hydrocarbon
source are of interest. A discussion of the identification of areas important to source-oriented
monitoring can also be useful for identifying areas that should be avoided in locating other
types of monitors. v

Figure 8 shows that source characteristics are important in selecting source-oriented sites.
It would be wise to check NEDS information independently to ensure that there have not been
changes in the operating characteristics of the source and that the information in NEDS has
been properly archived. The next step is to combine the source information with climatological
information to identify areas of greatest impact. Source-oriented monitoring applies to large
point sources, generally elevated. The impact of such an elevated point source can be defined
in different ways. -
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Table 8

EXAMPLE OF A STATISTICAL WIND SUMMARY FROM THE

NATIONAL CLIMATIC CENTER
(Asheville, North Carolina).

- PERCENTAGE FREQUENCIES
OF WIND DIRECTION AND SPEED:

HOURLY OBSERVATIONS OF WIND SPEED

{IN MILES PER HOUR : o AV.

i DIRECTION r T > : : — o sPEeD

EO-J 4-7_B-I?'|3~IB!W~24,25-JI 32-38 39 - 48 over 'liOTAl
N I+ 13 2. 17 -+ + 4 (11et
INNE I+ 1 2 1 +| + | 4 {1045
INE o+ 1 3 2 + + i 6117
ENE" I+ ) | 2 1] + : 4 {1144
E . 1 1 +1 + 3| 9.0
ESE- . ; +| 1 1| +/| 2| 8.6
SE Do 1 2| 1 o+ o+ 4| 849
'SSE T+l 1 21 1, o+ + 4 |11.0
'S o1 2] 2] 30 2] 1| + 10 (1343
'SSW b+ 1 1 3 2 1 + 8 (1444
isw o+ 1 1] 3] 2 1 + 8 [15¢5
‘WSW +! 1 3 b & 1 + +| +1 14 (173
W o+l 1 3 5] 3| ]+ ¢ 12 1543
WNW R 1 .2 3! 1 + + 7 |146
iNW [ o+ 14 2| 2' 1| + ' 6131
INNW | +] 1) 1] .11 +| + 4 (120
ICALM I O l l : +
[TOTAL 41 1330/ 30, 17 5 1!+l +1]100113.5

Source: National Climatic Center
-Asheville, N. C.
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A model of some sort will provide a mechanism by which the source characteristics and
the climatological information can be combined to define areas of important impact. Several
simple computerized models are available for determining the areas of maximum average
impact_ from a point source. These models include the Climatological Dispersion Model (Busse
" and Zimmerman, 1973) and the model presented by Ludwig, Kealoha, and Shelar (1977). Esti-
mates can also be made without using a computer. The greatest long-term impact is likely to be
associated with the most frequent combinations of wind direction, speed, and atmospheric sta- .
bility. These joint frequencies can be obtained from the National Climatic Center from the out-
put of their STAR computer program. An example of the STAR program output is shown in
Figure 12.

The direction from the source to the receptor site will be the downwind direction for the
most frequent combination of stability, wind speed, and wind direction. The best distance at
which to locate the monitoring site can be estimated by calculating the plume rise for the stabil-
ity and wind speed of concern. The wind speed at the top of the stack is likely to differ from
that measured at ground height, typically 10 meters. Beals (1971) has given information that
can be used to correct the wind speed observed near ground level to that at stack height; the
required corrections are summarized in Figure 13 . Briggs (1969) gives equations for determin-
ing plume rise. Once the height of the plume is known for the most common combination of
stability, wind $peed, and wind direction, then the distance to the area of maximum concentra-
tion for that case can be estimated from graphs like those given by Turner (1969). Figures 14
and 15 are two of Turner’s graphs. The ordinate in these graphs represents. concentration nor-
malized for emission rate, Q, and wind speed, u.

_ The location of the maximum concentration is of great importance to the site selection
problem, but its absolute magnitude is of less importance. Figures 14 and 15 show that the
concentration rises rapidly with distance to a maximum and then falls gradually beyond the
maximum. The location of the site should probably be somewhat beyond the distance where
the maximum concentration is predicted. This allows some margin for error by putting the
‘monitor in a region of relatively small gradients rather than near the strong gradients toward
the source from the maximum.

The highest short-term concentration from an elevated source is most likely to occur at
ground level under extremely unstable conditions, such unstable conditions are unlikely to
occur during the 6:00 - 9:00 a.m. period specified as being of interest in the air quality guide-
lines, because surface heating in the early morning is insufficient to produce strong instability.
Therefore, the slightly unstable and moderately unstable conditions which are possible during
this time period are more important. The wind directions and wind speeds occurring most fre-
quently with slightly unstable and moderately unstable conditions can be determined from the
output of the STAR program. The effective plume rise should be calculated for the most fre- -
quent wind speeds. Figure 14 can be used as a basis for locating the distance from the source
to the region of maximum NMHC concentrations under slightly unstable conditions. The
direction for the best monitoring site will be the most frequent direction occurring during
slightly unstable conditions. If several directions commonly occur under such atmospheric sta-
bility conditions, then it may be necessary to Have more than one site.

Since the purpose for locating source-oriented monitoring sites is to determine the impact
of a specific source, it will generally be necessary to have another site nearby to characterize the
"background" conditions in the area. A reactant-oriented site located in a direction from the
source that is opposite that of the source-oriented site will serve the purpose. An effort should
also be made to avoid locating the source-oriented site in an area that is impacted by other

- major point sources. If this cannot be done, then measurements of wind speed and direction at
the sampling site will be essential so that it will be possible to determine when the source of
interest is affecting on the monitor. Wind speed and direction measurements will allow the data
to be interpreted so that the impacts of different major sources can be differentiated.
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After the general area for the source-oriented monitor has been identified, it is necessary
to select a specific location within that area. The inlet should be about 3 to 15 meters in height
and well removed from ground-level sources such as roadways or large space heating or process
emissions of hydrocarbons. Specific siting requirements are discussed further in the next sec-
tion.

5.2.1.3. Reactant-Oriented Monitors

The right-hand branch of the flow chart in Figure 8 shows the steps necessary to select
reactant-oriented NMHC monitoring sites. The first step is to use the emissions inventories to
identify areas where emission densities are greatest. This may be sufficient, but it is preferable
to take the next step and use the simulation model in combination with the emissions inventory
and climatological information, to estimate the concentration distribution throughout the area.
The Climatological Dispersion Model (Busse and Zimmerman, 1973) is well suited for this pur-
pose. The candidate areas for locating the monitoring sites will be found in those areas where
high concentrations are expected. The best areas will be relatively large and have reasonably
uniform concentration throughout.

It is reasonable to select areas for monitoring NMHC that are most likely to be associated
with high oxidant concentrations in sensitive areas. The first step in finding where such areas
are iocated is the identification of those meteorological conditions most likely to associated with
the production of large concentrations of oxidants. The approach taken here is to derive wind
statistics for those hours when high temperatures prevail. Figure 16 and Table 9 are examples
of the output that can be derived from the computer program in Appendix B. The wind direc-
tions associated with light winds and high temperatures define the critical travel directions for
the measured hydrocarbons. In general, the oxidant concentrations will begin to build up
within a few tens of kilometers downwind of the sources. Each of the areas determined to be
subject to relatively high hydrocarbon concentrations should be examined to see if it lies
upwind of any particularly sensitive areas. Those high hydrocarbon areas that are upwind of
sensitive areas during conditions likely to produce high oxidant values are the best places for
NMHC monitors.

The monitoring site should be well removed from local sources. Figure 8 specifies
minimum separations between the monitor and roadways with different levels of average daily
traffic (ADT). The site should be well away from other major ground level sources of hydro-
carbons, e.g. gasoline stations, dry cleaners, surface coating operations, refineries, or petro-
chemical complexes. Mo exact minimum separation can be specified for these kinds of sources,
but the discussions in Section 6 of this report should provide the reader with sufficient under-
standing so that the minimum separation can be calculated for a specific source.

The inlet at the monitoring site should be placed between about 3 and 15 meters above
ground level and about a meter above the support surface. It should be separated from any
surrounding obstacles by about twice the height of the obstacle above the inlet.

5.2.2. Oxides of Nitrogen

5.2.2.1. General

NO is not a criteria pollutant. However, the role of NO in the formation and destruction
of ozone is too important to be ignored. Also, NO is the pollutant initially emitted from most
of the sources of concern. The importance of NO demands that the siting requirements for
monitoring it be considered, but the major emphasis still remains on the criteria pollutant, NO,,.
In the following sections procedures are given for siting NO, monitors for general purposes, for
reactant-oriented purposes, and for product-oriented purposes. General monitoring has been
considered to be that which would be used to characterize population exposure. Product-
oriented monitoring is similar, but the emphasis on NO,’s role as a product leads to the selec-
tion of locations in high concentration areas. Finally, reactant-oriented monitoring of NO and
NO2 concentrations has objectives similar to those discussed above in connection with
reactant-oriented hydrocarbon monitoring.
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FIGURE 16 ST.LOUIS WIND ROSE FOR DAYTIME HOURS WHEN THE
TEMPERATURE EXCEEDED 80°F.

Data represent observations from 1 January 1960 through 31
December 1974.
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5.2.2.2. Source-Oriented Monitors

Figure 17 is a flow chart presenting the steps necessary to the selection of an appropriate
monitoring site that can be used for assessing the impact of large sources of oxides of nitrogen.
The similarities with that part of Figure 8 that deals with source-oriented hydrocarbon monitor-
ing are obvious. The process begins with the acquisition of the background information includ-
ing the characteristics of the source that is being studied. The source strengths and the stack
parameters are of primary importance. These data, along with climatological data, particularly
the output of the STAR program, will be required to determine where concentration maxima
are most likely to be found. If there are existing monitoring. data for NO and NO2 in the area,
then they should be used in the selection process. Maps and emissions inventories are
required to identify susceptible neighborhoods and other sources of NO that might interfere
with the measurements.

The NAAQS are concerned with annual mean concentratlons of NO 5> SO the emphasrs in
site selection will be in finding those areas where long-term averages are apt to be the highest.
However, it appears that a short term standard may be adopted in the future, so that possibility
must also be considered. A simple model like that given by Ludwig, Kealoha and Shelar
(1977) or the CDM (Busse and Zimmerman, 1973) or Turner’s (1969) workbook should serve
to define such areas. Such models are likely to overestimate the concentrations of NO2 that
will be observed because they deal with total oxides of nitrogen rather than the single com-
pound NO,. Nevertheless, it is expected that the maximum NO, concentrations will occur in
.approximately the same locations as the maximum NO concentratrons The best course would
be to locate the site somewhat beyond the expected point of maximum NO to allow somewhat
more time for the formation of NO,,.

If one is selecting a site to determine whether the annual standard is violated, then "max-
imum" refers to long-term average concentrations. If the monitoring is done to assess compli-
ance with a short-term standard such as EPA may adopt and some states already have (e.g.,
California has an one-hour standard of 250 ppb), then the most likely areas for the occurrence
of violations of this standard should be identified. In general, short term maxima occur with
more unstable atmospheric conditions and are closer to the source. For example, a comparison
of Figures 14 and 15 shows that for any given stack height, the ground level concentrations will
be greater, and closer to the stack, for the unstable conditions (Figure 14) than for the neutral
conditions (Figure 15).

Once the general areas for the site have been selected, a more specific site must be
located. It should be near the area of anticipated maximum NO, influence, but removed from
interferences so that its measurements will accurately characterize the influence of the source
being studied. The site should be away from heavy traffic. The flow chart (Figure 17) recom-
mends minimum separation distances from streets and roadways with different levels of average
daily traffic (ADT). It is not certain, but buildings, trees, and other obstacles may scavenge
N02. .To avoid this kind of interference, the monitor should be away from such obstacles. -
Two or three times the height of the obstacle above the monitor is recommended. For similar
reasons, a probe inlet along a vertical wall is undesirable because air moving along that wall-
may be subject to removal mechanisms.

Air from a fairly tall, large point source will be reasonably well mixed by the time it
reaches ground level. Therefore, vertical gradients are not apt to be large in the first few
meters above the ground and a wide range of probe heights will be acceptable; 3 to 15 meters
is suggested. If the height of the source under study is comparable to this height, then the gra-
dients may be large and any monitoring that is done to assess compliance wih the NAAQS or to
evaluate health effects should be done nearer to the breathing zone, i.e. about 3 meters.

Supplemental measurements will be valuable to the interpretation of the air quality data
collected at the stations.™ In source-oriented monitoring, anemometers will provide information
that allows the analyst t6 determine when emissions from the stack have impinged on the
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* ASSEMBLE BACKGROUND INFORMATION,
FOR EXAMPLE:
* SOURCE NOx EMISSION RATE

e STACK PARAMETERS
~- DIMENSIONS
— EFFLUENT VELOCITY AND TEMPERATURE

e CLIMATOLOGICAL DATA

* MAPS

¢ INVENTORY OF OTHER EMISSIONS IN AREA
¢ EXISTING MONITORING DATA, IF ANY

Y

USE CLIMATOLOGICAL DATA AND SIMPLE
MATHEMATICAL MODELS TO DETERMINE AREAS
OF HIGH NOx CONCENTRATIONS

SELECT SPECIFIC SITE:
INLET HEIGHT, 3—15m
MINIMUM SEPARATIONS FROM ROADWAY SOURCES
ADT < 1000, 20 m
ADT=1000 TO 10,000, 20 m—250 m
ADT > 10,000, > 250 m ,
SEPARATED FROM NEARBY OBSTACLES BY TWICE

THE HEIGHT OF THE OBSTACLE ABOVE THE
INLET

FIGURE 17 SCHEMATIC DIAGRAM OF PRGCEDURE FOR SELECTING SITES
FOR SOURCE ORIENTED NO AND NO, MONITORING
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monitoring site. Records of the stack operation, particularly as they affect the emissions, can
also be used to evaluate the impact of that particular source on its surroundings.

5.2.2.3. Neighborhood and Regional Scale Monitors

- Figure 18 shows procedures to select sites for neighborhood and regional scale NO_ moni-
toring. As always, the process begins with the acquisition of background information. {l‘hen it
must be decided whether the emphasis of the monitoring will be on oxides of nitrogen as a pro-
duct, primarily NOZ, or as total oxides of nitrogen serving as reactants in the photochemical
process. If the concern is for oxides of nitrogen in. their role as reactants, then the site selec-
tion process is similar to that suggested for hydrocarbon monitors. A simple diffusion model
can be used to identify neighborhoods where maximum NO_ concentrations are to be expected,
especially during those seasons when photochemical activity is likely to be at its greatest. If
modeling cannot be done, then the next best approach is to identify those neighborhoods with
maximum NO_ emissions. The high concentration areas can be examined to see if populated
areas or areas that might be susceptible to harmful effects from photochemical pollution are
found downwind. "Downwind" refers to wind directions that are most frequent during weather
conditions conducive to photochemical activity. It has been found (Meyer, et al., 1976;
Ludwig, Reiter, et al., 1977) that the factor most associated with h'gh ozone concentrations,
and hence greatest photochemical activity, is air temperature. Therefore, a wind rose based on -
those hours with hfgh temperatures should serve to identify the most likely wind directions dur-
ing periods of photochemical pollutant formation. Figure 16 presents an example of such a
wind rose derived from hourly wind observations when the temperature exceeded 80°F in St.
Louis, Missouri. Other temperatures could be chosen. It appears that photochemical ozone
formation becomes most important above about 20°C (68°F).

As Figure 18 shows, the final site selection for neighborhood scale monitoring of NO and
NO2 concentrations will find a location where local NO_ sources have minimal influence on the
observation. ‘The identification of areas where there will be high concentrations from a point
source has already been discussed. Figure 18 suggests minimum separations between the moni-
tor and nearby roadways (as a function of average daily traffic) to keep the influence of traffic
sources at a minimum. The recornmended inlet height is in the range from 3 to 15 meters. If
the site is properly chosen so that the data collected there will represent neighborhood condi-
tions, then the oxides of nitrogen should be reasonably well mixed and the height of the inlet .
will not be very critical. .

When the interest is in NO,, as it will be for monitoring related to health effects or the
NAAQS, then the site should be product-oriented . There are two scales of measurement that
are of interest, neighborhood and regional. Selecting neighborhood scale, product-oriented
monitoring sites for NO2 begins in the same way as the procedure for selecting reactant-
oriented sites. Areas of major NO_ emissions are identified and the most frequent wind direc-
tions for periods of photochemicalxactivity are defined. Then, prospective siting areas will be
chosen downwind of the major source areas. Observations suggest (see Section 6) that NO2
concentrations are likely to fall off rather rapidly outside the urbanized area. Therefore, the
best locations for characterizing high NO, concentrations will be within the city. For long term
. ‘average concentrations, the maxima tend to be displaced downwind of the major source areas.
The displacement is the distance traveled by the air in an hour or two under normal wind con-
ditions. This will usually be a few kilometers. The highest one-hour average concentrations of
NO, tend to be very close to the areas of greatest NO_ emissions. Thus, a site to ascertain
compliance with a short term standard would be located in an area of maximum emissions. In
both cases, monitoring for short or long term standards, residential neighborhoods will be most
important, because the assessment of compliance with air quality standards relates to public
heaith.

For either shprt or long term monitoring, the measurements should be representative of a
reasonably large, neighborhood-sized area. Therefore, the location must be away from NO
sources, either major point sources or traffic sources. An inlet height of 3 to 15 meters is
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desirable and it should not be along a vertical wall where destructive processes might affect the
measurements. Wherever possible the site should be away from obstructions. The rule of
thumb mentioned earlier, i.e. separatxon from an obstruction by a distance of two times the
obstruction heights above the mohitor, applies to both thé reactant- and product-onented ‘
nexghborhood scale NO and NO monitoring sites.

The procedure for selectmg regional scale monitoring sites has been placed in the
product-oriented branch of the flow chart in Figure 18. This is because most of the sources of
NO_ are in the urban areas. Regional monitoring will measure the concentrations of NO and
NO, after they have been modified by chemical reactions in the atmosphere and have become

products There is some ambiguity in this approach; there is evidence (e.g. Singh, Ludwig
and Johnson, 1977) that when oxides of nitrogen are present in remote regions, they can ini-
tiate oxidant-forming reactions. However, in regional scale monitoring of NO and NO,, the
distinction between product and reactant makes little difference to the site selection process.

Inasmuch as the monitoring purpose for this kind of site will usually be served best by a
site that has only minimal urban influence, the best areas will be those which are least fre- -
quently downwind of an area of strong emissions. A wind rose applicable to the region will be
used to determine which direction is most frequent. Figure 19 shows the distance at which the
Office of Air Quality Planning and Standards (OAQPS, 1977) has estimated urban influences on
NO._ concentrations fall to about 7 ppb. The value 7 ppb was chosen to be slightly above the
limits of detection of current instrumentation. Figure 20 (from OAQPS, 1977) provides a con-
venient . representation of those areas within which regional momtormg of NO2 is probably
above "background" concentrations.

After the general areas for the regional scale monitoring have been identified, the specific
site will be chosen to minimize itnfluences of NO_ sources. It is important to avoid the
influence of large point sources such as power plants that might be located in rural areas. The
methodology for identifying areas of major point source impact (already discussed) can be used
to identify areas to be avoided. Wind monitoring at the site could identify instances of point
source impact.

Inlet heights of 3 to 15 meters are recommended for the reasons discussed in connection
with neighborhood monitoring sites. A momtormg site should be removed from obstacles.
The separation should be greater than required for neighborhood monitoring sites because the
influences of obstacles should be reduced to especially low levels, commensurate with the lower
levels of NO_ concentrations in the nonurban areas. The inlet for a regional monitor should be
at least a meter or two above the instrument shelter and should not be located so that it pro-
trudes from a wall of that shelter.

5.2.3. Oxidants

Two types of neighborhood scale monitoring sites are considered. One will be used to
characterize typical concentrations in the urban region and the other to measure maximum, or
near-maximum, concentrations in the region. A regional site for typical concentrations in the
area surrounding the city is also discussed. Figure 21 summarizes the procedure for selecting
the important kinds of sites. It reemphasizes the importance of collecting background informa-
tion before site selection procedes.

5.2.3.1. Regional Scale Monitors

After the background information has been assembled, the next step in selecting a
regional scale monitor is to determine what direction is most associated with those meteorologi-
cal conditions that are conducive to photochemical formation of ozone. As noted before, tem-
perature serves as a good indicator of the propensity for ozone formation. . Prospective areas for
regional scale background monitoring of ozone would be found in a direction that is upwind of
the urban area for those winds which are frequently associated with high temperatures. For
example, Figure 16 shows that winds from directions between south-southeast and west are
common in St."Louis when temperatures exceed 80°F so the best areas for regional background
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ASSEMBLE BACKGROUND INFORMATION:
* MAPS

« EMISSIONS INVENTORIES FOR NMHC AND NOx |

s CLIMATOLOGICAL DATA
* EXISTING Oy, NMHC AND NO,/NO DATA

A

NE{GHBORHQOD

18 THE MONITOR TO CHARACTERIZE
REGIONAL OR NEIGHBORHOOD CONDITIONS ?

REGIONAL

v

18 THE PURPOSE TO DEFINE
TYPICAL OR HIGHEST

CONCENTRATIONS ?

1

TYPICAL CITY
CONCENTRATIONS

L 4
SELECT REASONABLY
TYPICAL HOMOGENEOQUS
NEIGHBORHOOD NEAR
GEOGRAPHICAL CENTER
OF REGION, BUT REMOVED
FROM INFLUENCE OF
MAJOR NOy SOURCES

Y

SELECT SPECIFIC SITE.
AVOID LOW LYING AREAS.
AVOID INFLUENCE FROM

MAJOR NOyx SOURCES. MINI-
MUM SEPARATIONS FROM
ROAD-WAYS

ADT < 1000, 20 m

ADT= 1000-10,000, 20-2560 m

ADT > 10,000, > 280 m
SHOULD BE IN AN OPEN
AREA WITH NO NEARBY
OBSTACLES, INLET SHOULD
BE AWAY FROM SURFACES

AND AT A HEIGHT OF

3TO16m

FIGURE .

HIGH CONCENTRATION AREAS

4

DETERMINE MOST FREQUENT
WIND SPEED AND DIRECTION
FOR PERIODS OF IMPORTANT
PHOTOCHEMICAL ACTIVITY

Y

USE EMISSIONS INVENTORIES TO
DEFINE EXTENT OF AREA OF IMPOR-
TANT NMHC AND NOx EMISSIONS .

\

SELECT PROSPECTIVE MONITORING
AREA IN DIRECTION FROM CITY THAT
IS MOST FREQUENTLY DOWNWIND
DURING PERIODS OF PHOTOCHEMICAL
ACTIVITY. DISTANCE TO UPWIND
EDGE OF CITY SHOULD BE ABOUT
EQUAL TO THE DISTANCE TRAVELLED
BY AIR MOVING FOR 5 TO 7 HOURS
AT WIND SPEEDS PREVAILING DURING

DETERMINE MOST FREQUENT
WIND DIRECTION ASSOCIATED
WITH IMPORTANT
. PHOTOCHEMICAL ACTIVITY

i

SELECT PROSPECTIVE MONITOR-
ING AREA UPWIND FOR
MOST FREQUENT DIRECTION
AND OUTSIDE AREA OF CITY

INFLUENCE-SEE FIGURE 19

Y

SELECT SPECIFIC SITE. AVOID
VALLEYS; HILLTOP LOCATION
DESIRABLE. AVOID INFLUENCE
FROM NO, SOURCES. MINIMUM
SEPARATIONS FROM ROADWAYS:
ADT < 1000, 20 m

ADT=1000 TO 10,000, 20-250 m
ADT > 10,000, > 2560 m

INLET SHOULD BE WELL
REMOVED FROM OBSTACLES

AND AT A HEIGHT OF

3TO16m

PERIODS OF PHOTOCHEMICAL ACTI -
VITY. FOR HEALTH RELATED PURPOSES,
A MONITOR OUT OF THE MAJOR NO
EMISSIONS AREA, BUT IN A POPULATED
NEIGHBORHOOD IS DESIRABLE.
PROSPECTIVE AREAS SHOULD ALWAYS
BE OUTSIDE AREA DF MAJOR NOy

EMISSIONS ‘

'CHEMATIC DIAGRAM OF PROCEDURE FOR SELECTING OXIDANT MONITORING SITES




monitoring would be to the southwest of St. Louis. The regional background monitor should
be as far from any urban area as possible, preferably outside the areas of urban influence as
defined in Figures 19 and 20.

The monitoring site should not be in a low-lying area, because such areas are much more
likely to be subject to destructive processes at the surface during times of pronounced atmos-
pheric stability. A location on top of a small hill will minimize the effects of the surface des-
tructive processes, and hence will be desirable. Avoidance of NO sources is particularly impor-
tant for this kind of site. The identification of those areas around a large point source of NO
where NO_ interference is probable has been discussed already. Traffic sources of NO should
not be nearby. Figure 21 provides minimum suggested separations between the monitor and
roadways. It is important to separate the monitor from obstructions. If the monitor is located
atop a small hill or knoll, it will minimize destructive effects of trees or other nearby obstacles.
Even atop a hill the monitor should be no closer to any obstruction than about twice the height -
of the obstruction above the monitor. It is important when monitoring ozone to have the inlet
away from vertical surfaces, because ozone is easily destroyed by contact with surfaces.

An inlet height of about 3 to 15 meters is desirable. Concentrations measured near the
upper end of this range are probably more representative of background concentrations in the
lower troposphere, but a compromise must be struck between the sampling of these more
Tepresentative concentrations and the possible destruction of ozone during passage through a
long inlet tube.

5. 2 3.2. Neighborhood Scale Monitoring Sites

There are two monitoring alternatives in a nelghborhood scale site. The desire may be to .
monitor the highest oxidant concentrations within the urban area or to characterize oxidant
concentrations that are typical of the population exposure. In the latter case, as shown in Fig-
ure 21, prospective sites will be in reasonably homogeneous neighborhoods within the urban-
ized area. The neighborhoods considered should be away from the influence of major NO
sources. In general, this would eliminate siting in heavily industrial neighborhoods, although
there are conceivable instances when the characterization of ozone concentrations in such
neighborhoods would be of interest. The specific site within a neighborhood should meet the
criteria noted in Figure 21.

- Figure 21 also shows how to select areas where the highest oxidant concentrations are to
be found. It will not be possible to identify the point of maximum ozone concentration with
absolute certainty, but it is possible to make qualitative estimates of the best places to locate
monitoring sites. The best strategy is probably to recognize the difficulty in identifying a single
site that will measure the area’s highest concentrations and locate several stations in likely
places. Once the decision has been made to locate a site near the highest concentrations in the
area, it is then necessary to determine the most frequent wind speeds and directions for periods
that are conducive to photochemical formation of oxidants. Existing monitoring data can be
used to identify specific days when high ozone concentrations were observed and these days can
be examined to determine the characteristic wind patterns. If there are no historical oxidant
data, air temperature will provide a reasonable measure of the potential for photochemical pro-
duction of ozone. Another possibility is to use wind data for the season and hours when ozone
concentrations are apt to be the highest. Since high ozone concentrations are most likely to
occur in the summer months or early fall, the monthly wind rose maps in the Climatic Atlas
(National Oceanic and Atmospheric Administration, 1968) would tell the user the most fre-
quent wind directions during the oxidant season.. The monthly wind rose is not as good as his-
torical oxidant data or a high temperature wind rose because it does not provide information
concerning wind speed during oxidant episodes. Also, the monthly wind rose will include night-
time hours and days when ozone formation was low. The monthly wind rose should be used as
a last resort.

Emissions inventories define the limits of the area within which most of the NO_ and
NMHC emissions take place. Alternatively, the outer bounds of the urban areas defined on

49




conventional topographic or street maps can be used, because the edges need not be defined
very precisely. Photochemical formation of ozone takes place over a long period of time
(hours) so that mixing will obscure the effects of any fine scale details in the emissions field.

The areas where maximum oxidant .is most likely will be outside the region of major NO
emissions, but within the radii of influence defined by OAQPS and shown in Figure 20. The
oxidant maxima are apt to be found in the downwind direction so the ‘area that must be con-
sidered is an angular segment of perhaps 45° that extends from the edge of the city to as far as
150 km from the city center. The area that has to be considered can be reduced further by
recognizing that concentrations of precursors will continue to increase as the air passes over the
source region. Once the air moves- beyond the source region, dilution will reduce concentra-
tions of the precursors and ozone formed from them. As long as ozone production is rapid
enough to offset dilution, the concentration will continue to rise. By mid- to late-afternoon the
ozone production will no longer be able to offset dilution and destruction processes. This sug-
gests that one might determine where the pollutants from the morning rush hour are at mid-
afternoon; that would be a likely location for high ozone concentrations. The air leaving the
upwind (for photochemically favorable meteorological conditions) side of the city during the
morning rush hour will accumulate more precursor pollutants during its history than the air
which was on the downwind side of the city at the same time, hence the suggestion that the 5
to 7 hour travel distance recommended in Figure 21 be measured from the upwind side of the
city. .

Under light wind conditions, e.g. 10 km h'l, such as might accompany high ozone concen-
trations, the distance would be about 50 to 70 km from the upwind edge of the city. For an
ordinary, symmetric city with a diameter of 50 km, the promising monitoring areas are about 25
to 45 km from the center of the city. If air leaving the upwind side of the city during the
morning rush hour is still within the emissions area during mid-afternoon, then it will still be
under the influence of NO emissions which reduce observed ozone concentrations. - In an
extensive metropolitan area, the most likely locations for maximum ozone concentrations will
be several kilometers beyond the downwind edge of the city. In very extensive metropolitan
areas there may be relatively unpopulated "islands" within the widespread sea of NO emissions;
such islands would be candidate areas for high ozone concentrations. However, choosing unpo-
pulated islands or more rural areas beyond the fringes of the metropolitan area deemphasizes
the importance of health effects. Some subjective decisions will have to be made about the
importance of monitoring the maximum ozone concentrations wherever they may occur versus
the monitoring of the maximum ozone concentrations to which appreciable portions of the
population are exposed. '

The minimum separations given in Figure 21 will reduce the effects of ozone destruction
at the surface or by NO emissions. The monitor should be away from obstacles and the inlet
should be away from vertical surfaces. An inlet height of 3 to 15 meters is suitable. In the
case of oxidant monitoring, it is very important to avoid low lying areas. - Monitoring on a slight
rise or knoll has some advantage in helping to reduce ozone destruction by surrounding sur-
faces, especially during the late afternoon or evening hours. However, the importance of
minimizing these destructive effects may have to be weighed against a desire to monitor condl-
tions typical of those to which the population is exposed.
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6. RATIONALE FOR SITE SELECTION CRITERIA

6.1. Background
The following three problem areas must be addressed during the siting process:

1. A simple methed must be devised to identify the meteorologrcal conditions that are
conducive to photochemical activity.

2. A method must be dev1sed to identify 'the regions where

- concentrations are near their maximum and where concentrations are typical of the
region of interest

- concentrations of reactants can be measured that are important in subsequent photo-
chemical processes

- ‘pubhc exposure to a criteria pollutant will be srgmﬁcant

3. The specific characteristics of a monitoring site that will minimize local non-
representative effects have to be determined.

This section describes the reasons for the recommendations given in the preceding sec-
tion. It attempts to solve the problems listed above. Each of the three major problem areas are
addressed separately. '

6.2. Identification of Conditions Conducive to High Pollutant Concentratiens

6.2.1. Conditions Conducive to Photochemical Activity

The essential ingredients for the photochemical formation of high concentrations of ozone
are: ' )

hd an accumulation of precursor emissions

e sunshine
®  relatively little ozone removal.

The last item, relatively weak removal of ozone, depends more on location than on
meteorological factors and will be discussed later.

Ozone data provide the best means of identifying the meteorologlcal conditions durmg
past high ozone incidents, and hence the characteristic wind patterns that prevail during high
ozone days. If there are no ozone data, another approach must be taken to identify meteoro-
logical conditions likely to accompany high ozone concentrations. - A practical approach must
use common meteorological data collected at airports and archived by the National Climatic
Center in Asheville, North Carolina. Meyer et al. (1976) compared ozone concentrations
observed during afternoons! with conditions that the air had been exposed to along its trajec-
tory. The highest correlations were between ozone and air temperature during the last three
hours before arriving at the observing site. They--found correlation coefficients that ranged
from 0.37 to 0.71. The overall correlation, for all six sites and all 372 trajectories, was 0.52.
The temperature-ozone correlations found for urban sites were very similar- to those found for
rural sites.

Ludwig, Rerter et al. (1977), using a method of analysrs similar to that used by Meyer et
al. (1976), obtained similar results. All their sites were rural?, The correlations between ozone
and temperature were based on 30 cases for each site and ranged from 0.57 to 0.81. The tem-
peratures used were the average of those observed during the last 12 hours of the trajectory.
The correlation for the combined data was 0.54. Price (1976), using only cases when the ozone

1 Stations used were Indianapdlis, Ihdiana; Houston, Texas; Boston, Massachusetts; Poinette, Wisconsin;
McConnelsville, Ohio; and Dubois, Pennsylvania. The data were from the months of July and August 1974,
2 The stations used were McHenry, Maryland Queeny, Missouri; Wooster, Ohio; and Yellowstone Lake,
Wisconsin.
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concentration exceeded 150 ppb, obtained a correlation of 0.27 between ozone concentration
and temperature (at the same hour and location). Presumably the correlation would have been
higher if the sample had included instances of lower ozone concentrations. No other variable
seems to provide as good a description of ozone concentration as temperature.

Figure 22 is a scattergram from Ludwig, Reiter, et al. (1977); joint occurrences of ozone
concentration and average temperature are marked by the asterisks. Where there were more
than one occurrence of the same combination of temperature and concentration, the number of
occurrences are plotted. The scattergram shows that in only two instances (of 120) did the
ozone concentration exceed the federal standard when the average temperature along the trajec-
tory during the preceding 12 hours remained.below 70°F. There were only 13 cases when the
average temperature exceeded 75°F and ozone remained below the standard.

Seasonal variations in ozone concentrafxbn also provide an approach to the determination
of meteorological conditions conducive to ozone formation. Ludwig, Simmon, et al. (1977)
prepared analyses of ozone concentrations in the eastern United States like that shown in Fig-
ure 23 for every day of the year 1974. These analyses reveal those meteorological conditions
that accompany high ozone concentrations at different locations in the eastern United States.
The frequencies of ozone standard violations in different parts of the United States for each
month of the year are given in Table 10. The table shows that high ozone concentrations are
most frequent in the months of June, July and August. In some areas, more than two- thirds of
the days experienced violations of the. federal ozone standard durmg the summer months so the
monthly wind roses for these locations should provide reasonable estimates of the wind direc-
tion associated with high ozone concentrations. The oxidant standard was violated at one or
more locations in the Los Angeles Basin. for. every day of July and August, 1975 (California Air
Resources Board, 1975). In the San Francisco Bay Area, about one-third of the days showed
violations somewhere in the area and in the San Joaquin Valley, the figure was over 80%.

Table 11 (from Ludwig, Reiter, et al., 1977) provides another means for identifying winds
that accompany high ozone concentrations. Light winds are frequent companions to high
ozone concentrations. This is consistent with other work (e.g. Price, 1976; Meyer et al., 1976)
that found high ozone concentration associated with weak pressure gradients and light winds.
Table 11 shows that southerly winds are frequently associated with high ozone concentrations in
several of the areas.

6.2.2. Conditions Conducive to High Concentrations from Smokestack Emissions

In general, atmospheric instability mixes pollutants emitted from elevated stacks to the
ground before much dilution takes place and hence leads to high ground level concentrations;
however, this type of atmospheric behavior is usually short lived and the resulting concentra-
tions are short-term. Long-term average ground level concentrations arising from stack emis-
sions are more likely to have the location of their maxima determined by, those combinations of
meteorological conditions that are most frequent The neutral stability class (see for example
Gifford, 1961) can occur at any hour of the:day, unlike the stable and unstable categories.
Therefore, the neutral class is the most commonly occurring stability. The most commonly
occurring combination of wind speed and wind direction for the neutral stability category will
often determine where the maximum long term average concentrations will occur at ground
level.

6.3. Identification of General Areas Sultable for Momtoring
6.3.1. Nonmethane Hydrocarbons and 0x1des of Nitrogen

6.3.1.1. General Considerations

Ludwig and Kealoha (1975) have shown that most of the concentration of an inert pollu-
tant whose sources are near ground level come from sources within a few kilometers of the
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Table 10

MONTHLY FREQUENCY (1974) OF OXIDANT STANDARDS VIOLATIONS
IN VARIOUS REGIONS OF THE EASTERN U.S.

o )
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CRE-RE-E R 2] 2 g 5

Sl 4] O v}l B3| It O
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Florida

. 0105 8110] 9 2

Peninsula 3 311 010

Texas-Louisiana
Gulf Coast

New England 2 lojo|6}t10]18] 9 {18f13]j L]0

Western Oklahoma, 0

8122 22120112
Kansas, Nebraska 013 20 {22120 15| 1

SE of lLakes Frie
& Omtario

Washington~Phila;
delphia Corridox

S or SW Shores of
Lake Michigan

St. louis and Ohio
River Valley

Other Areas fo |21 |5]02 |6 {65 }|5]0
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Table 11

WINDS REPORTED ON MORNING WEATHER MAP. IN AREAS
WHERE PEAK-HOUR OZONE EXCEEDED 80 ppb

(No. of days from June through August)

Surface Winds
Region > 2 m/s
Calm | N toE | Etos |stow | WtoN
Florida Peninsula| 11 5 4 2 0
Texas-Louisiana
Gulf Coast 17 10 0 7 1
New York-New
England 3 4 7 26 2
Western Oklahoma,
Kansas,Nebraska 1 7 13 36 1
SE of Lakes Erie
and Ontario 20 1 10 6. 1
Washington-rFhil-
adelphia Corridor ? 3 7 7 4
S oxr SW shore of
L.ake Michigan 7 0 3 6 1
Ohio River Valley .
& Surroundings 21 2 1 7 0
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monitor. This fact underlies. the suggestion that the general areas for reactant oriented moni-
toring be chosen on the basis of emissions inventories. Concentrations in areas of typical emis-
sions will tend to be characteristic of the region as a whole. Figure 24b shows the distribution
of average NO_ concentrations in the Los Angeles Basin for the year 1975; Figure 24d shows
the distribution of the 1 percentile values of daily peak hour NO_ concentrations. This latter
representation shows the concentrations which were exceeded on only 3-4 days during the year.
In both instances there is an area of high concentrations that corresponds roughly to the most
populated part of the basin. The high values observed at the Lennox site in the southwest part
of the basin may be the result of that site’s proximity to several major roadways and the Los
Angeles International Airport (see for example Perkins, 1973).  The figures support the
assumption that the concentrations are distributed roughly in accordance with the emissions dis-
tribution.

The displacements of concentration relative to emissions can be related to transport by
winds. Figure 25 shows typical afternoon and early morning air flow patterns in the Los
Angeles Basin (Los Angeles Air Pollution Control District, 1974). The NO, patterns are dis-
tended to the east and to the northwest, more or less along the streamlines shown in Figure
25a. The air flow patterns shown in the figure are much the same in summer and winter, but
with differences in strength. In the summer, the afternoon wind speeds typically reach 7 or 8
m s'l; in the winter about 5 m s’l. The nighttime pattern shown in Figure 25b has stronger
winds in winter, 2 to 5 m s , than in the summer, 2 to 3 m sl When monitoring products,
consideration must be given to the delay that takes place between the emission of the reactants
and the formation of the products. This delay will separate the location of the maximum pro-
duct concentration from the location of the maximum reactant emissions.. In the case of
ozone, the separation may be quite large. In the case of NO,, the time that it takes to form
from the originally emitted NO can be quite short if local ozone concentrations are high or
longer if ozone concentrations are low. o

- 6.3.1.2. Location of Areas of High Concentrations

It is apparent from the above discussion that there are three different conditions ‘that lead
to high NO, concentrations. The first of these causes high NO, concentrations in the vicinity
of an area of strong NO emissions when ozone concentrations are high and winds are nearly
stagnant. The second condition occurs when ozone concentrations are hlgh (so that rapid
transformation occurs from NO to NO, before much dilution occurs) and the winds are appreci-
able so that the NO, maximum is dlsplaced Jownwind slightly from the NO emissions. The
third condition leadmg to high NO concentrations would be stagnation with little ozone
present. The emitted NO could accumulate for long periods of time and gradually undergo the
oxidation to NO,. In this case, the NO, maximum would be found near the area of major
emissions.

Under all three conditions, the separation between maximum concentratlon and max-
imum emission will be small. When the air is nearly stagnant the products cannot travel far
from the emissions regardless of the speed of the reaction. When large amounts of ozone are
present, the reactions proceed quickly so that NO, is formed before the air has had time to
move very far from the sources. Figure 24a illustrates this effect. The distribution of average
NO, concentrations is shown for the year 1975 in the Los Angeles Basin. It is evident that the
maxxmum average NO, concentrations tend be displaced from the center of the city in the
direction of the afternoon streamlines. This suggests that the location of average daily max-
imum NO, concentrations is usually displaced somewhat from the major source areas. How-
ever, Figure 24c shows the distribution of the one percentile daily maximum concentrations
and they are nearly centered on the downtown Los Angeles area. This suggests that stagnation
or the rapid transformation of NO {, NO, are quite important in producing very high
concentrations of NO,, but less so in determining the location of average concentrations.

57




GL61 DONIHNA NISVE S3TIONV SO1
3HL NI SNOILVHINIONOOD *ON aNV CON HNOH Mvid FUINIOHId INO ANV IOVHIAV TVANNVY.  +Z JHNOId

qdd — XON HNOH-IV3Ad
371LN30YId-} SL6L

)m,
oo,
\

1D181810
INTWIDVNVW ALNVID Biv
W) yinog
- " - "

e e 2aea

ey sy
140130 1e3100,  tevnlg

NetE LA
LY

e OWGR

_.
/ &h»N-

o
N
000t

qdd — CON HNOH-YV3d
371LN30HId-L SL6L

111510
INIWIDVYNVIV ALIVND IV
=IV0D) yinug

B Ter waeta
1 or mriemt ©

>

eartal

T ST
JJ ) nz.w
N WM

qdd ~ ¥oN
_ 39VHIAV Sz61

011N Bt puou

/:q 0 wpie301 O

12181S1a

INIWIDVNYIW ALNYND ¥IV
15900 yinog

Ll - - 3

et J / 003G 1IN0y teralg

430m e e

e d
o

wived Jiy J1ee) wivag  agyn
wteg sy

PG o ™
/ﬂ/.f//o.u ,J/
N

MR NG

e

3DVHIAV G261 5

A

RN

I M"..“;..../._

O18181G9
INTWIDVNYW ALIVND dIY
15%07) Yinog
L L3 "» - -

OITTYIEISM

L9 16 Vo1 O

<

-~ L s s srewy vt peap
3 ity oy
102 aeee reven




N
>

Noaso0d ST L ‘ ? oY
: ) S0 [} S 0
- %/ {a) AFTERNOON e
g : ¢ <s0p

Loy, ,

SEDAB: Southeast Ocsert

SCAB:  South C(oest Air Basin

Ate Rasin

SCALE o1 MiLLS

.

"

AIR QUALITY MANAGEMENT 0 racation of air

10 s

South Coast

DISTRICT Honitoring Statlch\ ) @(S ' (/7 p/l~\ ,\:n\:,l\ Q_u: 3'\} E}-’»\x ER

N

>

I3 o

" Niasood  Aiia®

- ;Tké
) \\( N "J\\’\‘\-—\,
Dy

SEDAS: S‘cu(hc.nst Cesert

5£a8:  South Coast Air Basin

[r e ——— e =

AIR QUALITY MANAGEMENT © Locstion of Air N\

air fasin

SEALE of MILES
e e ia e e e s e

South Coast

monitoring Station

DISTRICT .

FIGURE 25 TYPICAL AIR FLOW PATTERNS IN THE LOS ANGELES BASIN

59




There is evidence of similar behavior in the San Francisco Bay area, although the density
of NO, and NO_ data is not entirely adequate to document the effect. Figure 26 shows the
1975 average N6 concentrations and the 1975 one percentile peak hour NO, values. The
highest concentratlons occur in the populated areas around the edge of the Bay.. The fact that
the San Francisco concentrations are somewhat less and the San Jose concentrations are some-
what more than in the other populated areas around the Bay is probably a reflection of the
differences in wind speeds, or ventilation, at these sites. San Francisco is subject to strong
winds blowing through the Golden Gate while San Jose tends to have lighter winds than some
of the other locations. Furthermore, as the typical flow patterns in Figure 27 indicate, pollu-
tion emitted elsewhere in the Bay area is transported to San Jose and provides an elevated back-
ground concentration to which local contributions are added. Differences between the average
NO2 concentrations for 1975 and the one percentile peak hour concentration values are not as
evident as they are in the Los Angeles example. The Bay Area average concentrations and high
percentile concentrations both are confined to the high emissions areas, with some distortion of
the patterns along the typical streamlines.

Figure 28 shows the annual average NO, concentrations in southwest Ohio. The prevail-
ing wind in this area is from the southwest (National Oceanic and Atmospheric Administration,
1968). The wind effects are evident in the figure; the concentrations increase rapidly as the city
of Dayton is approached from the southwest and the patterns are distended to the northeast,
downwind of the city. The pattern supports the observation that maximum long-term average
NO2 concentrations tend to be displaced in the downwind direction from areas of maximum
emissions. Probably not all of the distortion in the pattern in Figure 28 is due to the wind; at
least part may be the result of emissions in the vicinity of Wright-Patterson Air Force Base.

The distributions of 24-hour average NO, concentrations in southwestern Ohio were
analyzed for 12 different days in 1974. In general, when the concentrations were relatively low,
the patterns tended to be elongated in the direction of the wind, Of the days examined, the
highest concentrations occurred on October 2, shown in Figure 29. The weather map and the
ozone distribution for this day in the eastern United States are shown in Figure 30. The high
pressure area to the west of Ohio moved eastward over Ohio on the following day. The near
stagnation conditions associated with the high pressure area allowed NO_ emissions to accumu-
late and caused the widespread high NO concentratjons shown in Figure 29.

Up to this point the discussion has focused on the distribution of NO and NO, in space.
There are other approaches to the interpretation of the data. A volume of air can be followed
and the changes in concentration of various pollutants with time within that volume can be
related to the emissions entering the volume. This approach has been applied in the San Fran-
cisco Bay Area. Figure 31 shows 20 of the 31 trajectories, based on surface winds, that were
used for the analyses. The numbers at the end of the trajectories indicate the time of arrival at
that point. The points along the trajectories show the location at one hour intervals. Ludwig
and Kealoha (1974) describe the methods used in developing the analyses. Concentrations of
oxidant and NO2 along the trajectory were determined from isopleth analyses of the hourly
values observed at the various monitoring locations in the area. The trajectories end at the
time of maximum concentration at their terminous. In only one of the 31 trajectories studied:
did the maximum NO, and oxidant concentrations occur at the same time. In the remaining
cases the oxidant concentration reached its peak 1 to 6 hours after the NO, concentration. The
typical time lag was about 2 to 3 hours showing that the NO, maxima are upwind of the oxidant
maxima.

The trajectory analyses also showed that the changes in NO ‘concentrations generally
lagged behind changes in NO_ emission rates by periods of about 2 hours or less. Figures 32
and 33 provide two examples of this behavior. The figures show the changes in concentration
of NO, and ozone near ground level as the air moved along the path shown in the upper half of
the figure. The changes in the emissions of NO and hydrocarbons are also shown. The units
of the emissions are meters per minute. These seemingly anomolous units for emissions are

60




G/6l YOd VIUV AVE 0OSIONVHI NVS IHL NI ,
SNOILYHLNIONOD CON HNOH Yv3d TTILNIDY3d INO ANV IDVHIAVY TVANNY. 9z 3HNOIL

. (Wydd)ZON YNOH-MV3Ad F1IINIOHId-L G611 (9}

(wydd)ZON 3IOVHIAY GL6L (2)
’ i

S, -

e

61

L o g
aoom1NIba T e

avesno:8° T

uoduey
o Guo3nor

" waner
Jatkrea®

! -3
$3115 INIVOLINGK ° oro S311S ONIHOLINOW p i
10181510 TOHINGD NOMIIOA viuy 4¥B Y ool o 1281510 IOVINDD NOILNTIOS VIV AVE W 4 _
oo 5 {
AU RUR IR sy | N CRC IO ey (| 4 C - ; ,
e g . : . .
3 o errrd O i X o P 4 L _N
: ; |




. .
SACRAM, NAERamE

St

LEUZYR TR

FANRL N 1S —

.
PR

sacnane

suix

[ZLTIN7RNEY

< FAHALLGH s

4

SOURCE: Smallay 1957

FIGURE 27 MOST COMMON DAYTIME AIRFLOW PATTERNS IN THE SAN FRANCISCO BAY AREA

62




‘OIHO NY3LSIMHLNOS NI (add) NOILYH.LNIONOD CON IDVHIAV TVNNNY 82 34N9Id

S3TIN S ol S ]
) 1 ] 1
100 -
. DUNESINVIW
- o 100 : AR
f 0 VINIX -~ 100 ¢m~<%mm
. v INIVHOW
HLHON 0'0e
Y ' F8
: NHOgHIYd
oy
06 £00
ap EIELIMEETI
100 R TA R/
SNaWN109
2'95 \
/
05 100
ITUANIIHED
oy A
A1

o€
0€

63




¥L61 ‘T YIEOLO0 ‘OIHO NY3LSIMHLNOS NI (ddd) NOILYHINIONOD CON JOVHU3IAVY HNOH-¥¢ 6¢ 34NOId

S3THN 6L [+ SR - 0

HLHON

snquny o)
v

0ol

00l

Awﬁvd SangsTweTy
v

SUTEIONy uozey
v v (9L1) M
uQs.I933ed-14
protzsuradg
dbmc v v
V.
(98)
91T TAUSDID

v

64




$/61 ‘2 H3IGOLO0 ‘SALVIS Q3LINN NHILSVI 3JHL NI NOLLNGIHLSIA INOZO ANV dVIN mm_._._.<m>>.. 0c 34NOId

(qdd) SNOILYHLNIONOD INOZO HNOH-WNWIXYW

09 03 0r Oy 08 o

65

Loty oF | H
;m*.\l( \ArnOQﬂ/ a2

[ m« O MNP 0ig 17 | iy Ald .,m.\Q.,
B N
A . £ *®” A2 /
- - Qrre2ti ARsiIC 2 v
‘ \ i B S Nt
3 OW " e e =’ e fﬂlz\w PRkt
¥ Qo—w\ﬁa AP G408 aaPre — R
& . . _o%
" =2 ) A« s i ._‘@om .uﬂf\o/r\. cey_OF ! -
pagl A (. 2 .,W\Q &.Wﬂ. GN\\ln.Wan ¥ § oz} \.
g A
Z b“ -y . ~b.n -3 . T~
Q“NJ,WW%@H,% ez, @M\ﬂm\, HOW g0l NV
(R AT T | o NESE® AT
o [7UPY) Wl . SeE T2 o e
T ] ‘ .0 :

© T e A 4 - a8 - P amma.mﬂ .
USRS Sl | By s -

ot v R %vomuv» it hmwﬂ e I - 5 %
o e A S R L LY B

7
o5 s

IJYNLYHIJNTL
NOWININ
~INNINIXYIN

| S T

<

ey,




Lol
NTA <’-',4,‘1\1
e Sy G

GArLAMG
e

{ ‘ ’%M e ™

.

£
2T

o7

G

€y
Voo B

5
v - Q;\*
W

T
) N 3
SAN GAYLAND ¥ :
FRANKCIZCO R FRANCISCO B
. ‘:l . 4
I
&
It
]
(it
»
)\
c. ) d.
i
i
.

FIGURE 31 SOME AIR TRAJECTORIES IN THE SAN FRANCISCO BAY AREA, JULY 2, 1970

66




(sesaypuated ur uaniB sHUn) 0L6L ‘T AN
NO VINHOZITVO ‘JHOWHIAIT NI DNILVNINYIL AHOLOITVYHL HIV NV ONOTV
SNOILYHLNIONOD €0 aNV ON aNV ‘SNOISSING OHWN ANV ON 40 SNOILVIHVA Z€ 3HNDI4

(1Sd) 4NOH
8| g
Y 0
- g
e — Ol ~
O
= - Gi
i AHOLO3rvyl / '\ v §
o) 1 A : xu,m \ \ ’\ [}
HaYt FWVONITINe / " A0 - oz
IP]...DL[ .. / ' \\ v
~ \ f. \\ :
\ 7 ) ’
o , -
N e ! oosionvus |/ K
R ] . | L | . Gz




{sesay3uaied uil usalb suun) 0/61 ‘2 AINM

NO VINHOLITVYO ‘ANOWHDIY HOAOHHL DNISSYd AHOLOArVHL HIV NV DNOTV
SNOILVHLINIONOD €0 aNv oN aNV ‘SNOISSINI OHWN ANV ON 40 SNOILVIHVA €€ 3°NOI

(LSd) HNOH

68




convenient for some modeling purposes. They can be interpreted as follows--if the emissions
for one minute are introduced into the atmosphere at the surface without mixing, their depth
would be that shown in the graph. Remembering that one g-mole occuples about 23 liters, the
units n,an1 be 1nterpreted -in-terms of g-mol m’ ‘2. min"!--one mole m2 min’! equals about 23000
po mm :

.. The above results suggest that durmg the day, NO2 maxima are found downwind of ; major
emlssxons sources at distances typically travelled by the air in one or two hours. Since the tra-
jectories cover only daytime conditions with significant ozone buildup, the results are not to be
generalized too much. The results do suggest that even under conditions that are favorable for
the conversion of NO emissions to NO concentrations, the cpnversxon can requ1re a few
Hhours, which can translate into important spa’ual separations. :

§;3.2. Oxidants.

6.3.2.1. General Considerations

It was stated earlier that maximum oxidant concentrations should be found about 5 to 7
hours travel time downwind (for conditions most conducive to oxidant formation) of the
upwind edge of the metropolitan area. If the region identified in this way is within the area of
major emissions, then the likely places for high ozone concentration will be just beyond the
downwind edge of the major emissions area. The assumptlons underlying the suggestion are as
follows: 4 ,

- maximum oxidant concentratlons are most likely to accompany large accumulations of
" precursor emlssmns

- .. Large accumulatlons of precursor emlssmns are most likely in air that travels across the
* entire emitting region, espec1ally during the morning rush hour.

. . Maximum oxidant concentrations are reached in the early to middle afternoon, after the
: morning rush hour emissions have been traveling 5 to 7 hours.

- . . Emissions of NO w1th1n the metropolitan area will destroy ozone near ground level and
keep the concentrations below their maxima. ‘ :

‘ " The recommendations for selecting areas of probable ox1dant maxima. are apphcable to
. relatwely large urban areas. For small areas, lateral mixing of clean air into the urban "plume"

~ is apt to reduce both precursor and oxidant concentrations so that maximum oxidant concentra-
_tipns will occur closer to the city than predicted. In large ‘sprawling metropolitan areas there
. may be "islands" of low NO emissions; 'these islands may then be the locations of maximum
oxidant concentration, rather than the downwind edge of the metropolitan area.

The following sections present evidence to support the recommendations. Examples of
ozone maxima in several geographical areas are presented. Finally, evidence of ozone destruc-
tion by urban NO emissions is glven '
6.3.2.2. The Transport of Ozone and the Location of Concentratmn Maxima

Figure 34 shows the buildup of ozone and NO, concentrations in a parcel of air that was
over San Francisco during the morning rush hour. The figure shows very high hydrocarbon
and NO emissions between 6 and 8 A.M. (PST) and lower emissions during the rest of the. tra-
jectory. The NO, concentrations rose to their maximum by about 1100. Oxidant levels
remained quite low until about that time and then they rose to their peak concentrations at
around 1400. Two more examples are given in Figures 35 and 36. In the first of these, the .
emissions were relatively high between 0600 and 0800 A.M. and then fell as in the preceding
example. However, they rose again and remained high, rising sharply during the last half hour
of the trajectory. The increased emissions near the end of the trajectory tended to truncate the
increasing ozone concentrations. In the example shown in Figure 36, emissions were relatively
high throughout, rising to a peak at the next-to-last hour (1400) and then falling. Oxidant con-
centrations continued to rise from early morning through the early to middle afternoon. A rise .
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in oxidant concentration occurred when the major precursor emissions were confined mostly to -
the early part of the trajectory (Figure 34) and also for cases when precursor emissions were
strong throughout the course of the air movement (Figures 35 and 36)..

The trdjectory analyses conﬁrm that ozone concentrations tend to increase Wlth time until
early- to. mid-afternoon and that the highest conceritrations are likely to be found 5 to 7 hours
downwind of the major emissions centers; the time interval represents the time between the
morning rush hour emissions and early afternoon. The NO emissions within the city tend to
retard the buildup of ozone so that in very.large regions, such as the San Francisco Bay Area or
the Los Angeles Basin, we would expect to find the ozone maxima just beyond the areas of
major NO emissions. Figure 37 shows the frequency of oxidant standards violations in the Bay
Area. It is clear from this figure that the most frequent violations occur at the southern and
eastern edges of the metropolitan area, as expected. To the northeast, the maximum frequency
of violations occurs well beyond the city, towards Sacramento. This may reflect the generally
higher wind speeds through the Delta area and into the Central Valley. These higher wind
speeds will carry the precursors beyond the urban area before maximum formation of oxidants
occurs. '

Figure 38 shows the 1-percentile peak-hour oxidant readings for the Los Angeles area for
1975. The maxima are along the downwind edge of the city. There is also a ridge of high
values extending to the east-southeast, probably reflecting the general transport of air from the
Los.Angeles Basin out into the desert regions. Figure 38 shows that the maximum ozone con-
centrations may occur near the downwind edge of a large metropolitan area, but important
effects from that metropolitan area may extend well beyond the area of maximum concentra-
tion. This is observed in other areas as well as Los Angeles. The effects of the New York
Metropolitan area-on surrounding areas have been studied by Cleveland et al. (1975) They
compared maximum daily ozone concentrations measured during the summer of 1974 at
numerous New England monitoring sites with the wind directions during the same day and
showed that the highest ozone concentrations occurred with wind directions from New York.
Even Boston, nearly 300 km from New York, showed the effect. They only considered days
with well defined wind directions and temperatures above 70°F at Hartford, Connecticut.

Ludwig and Shelar (1977) also examined the distribution of ozone concentrations in the
New England area. Figure 39, shows the observed maximum hour average ozone concentra-
tions at seven sites during the period from July 15 to August 31, 1975. The sites are arranged
from bottom to top in order of increasing distance from New York City--ranging from
Bridgeport at about 80 km to Boston at about 300 km. An asterisk represents one observation;
a numeral represents multiple cases.” Weekend values are: plotted above the weekday values.
The tendency toward decreasing ozone concentrations with increasing distance from New York
is apparent. The Spearman rank correlation (Langley, 1970) between the upper decile ozone
concentrations and the distance from New York shows a negative correlation, significant at the
3 percent level. Upper decile values were chosen because the effect should be greatest for the
high ozone cases.

Ludwig and Shelar (1977) examlned the data from the Northeast Oxidant Study (S1ple et
al., 1976; Spicer, et al., 1976; Washington State Unwersnty, 1976; Wolff et al., 1975) and found .
evidence of ozone "plumes" from urban areas. Figure 40 shows the distributlon ozone concen-
trations on August 10, 1975. This was a day of weak pressure gradients with light winds in the
southern New England area. The observed pressure gradients should have caused general sur-
face airflow from west or west-southwest. The winds at 850 mb (approximately 1500 m alti-
tude) shifted during the day from west-northwest to west-southwest. Thus, the pollutants from
the urban areas should have traveled east or east-northeast during the day. As Figure 40
shows, concentrations exceeded 150 ppb along the south coast of Connecticut. Although the
lack of data from eastern Long Island prevents confirmation, it appears that the highest concen-
tration probably occurred over Long Island or Long Isiand Sound. The hours during which the
highest values were observed along the Connecticut coast were in the early afternoon, around
1300 or 1400 EST. Figure 40 shows the ozone distribution in a vertical plane, along a line that
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is nearly north-south. The analysis shows that above Bridgeport, Connecticut the highest con-
centrations were at an altitude of about 300 m. This elevated plume may have been the result
of the difference in chemical reactions between ground level and more elevated layers. At
ground level the ozone-producing reactions are partially offset by competing ozone-destroying
reactions. In particular, NO released near ground level will quickly combine with the ozone.
Eventually the NO, produced by this reaction results in increased ozone, but-on the shorter
term, the net result is a reduction in ozone concentrations near ground level,

Figure 41 shows two cross sections later. the same day. It also shows the streamlines for
the 850 mb winds at 1900 EST. The cross sections are based on data collected between 1545
and 1715 EST. These analyses show an elevated ozone layer above Bridgeport, Connecticut,
where concentrations, exceeded 180 ppb. Over western Long Island Sound they exceeded 140
ppb. If the 850 mb streamlines represent the air motions affecting the ozone transport around
this time, then the air that passed over Bridgeport also passed over Groton. If that were the
case, the two cross sections indicate a decline in the ozone concentrations from values above
180 ppb to about 125 ppb. At the south end of the cross section, just south of the east end of
Long Island, there were very high concentrations aloft--in excess of 230 ppb. The air reaching
this area had passed over the Newark and Jersey City regions of New Jersey, then over the
south tip of Manhattan and the Queens-Brooklyn areas. The high ozone concentrations aloft
seem very likely to have had their genesis in emissions from those upstream regions.

The cross sections shown in Figures 40 and 41, and numerous others, suggest that the
ozone producing processes proceed through a rather deep layer above the city. At the lower
levels ozone may be destroyed by NO and other processes at the surface, but once the plume
passes beyond the edge of the city, mixing processes bring high concentrations down to the sur-
face from aloft. This appears to account for the fact that the high ozone concentrations, at least
in very large urban areas, occur at ground Jevel very near the downwind edge of the city.
Beyond that point lateral spreading and vertical mixing in combmatlon with destruction at the
surface offset the reduced production rates.

Other examples of the buildup of ozone downwind of cities are available. The California
Air Resources Board (ARB, 1977) found, in a study conducted at Fresno, California during
episode-level days, that there were higher ozone values on the downwind edge of the city than
in air entering the city. Figure 42 shows their results as plots of the mean diurnal oxidant con-
centrations taken at the upwind edge, central business district, and downwind edge of Fresno.
The results show the gradient between upwind and downwind stations was most pronounced
during the early afternoon hours. :

Westberg and Rasmussen (1973) measured ozone concentrations at about 300 m altitude
in the vicinity of Houston. Figures 43 and 44 give examples when ozone concentrations were
relatively high. The general wind direction is shown in the figures and the flight paths are indi-
cated by the hatched lines. Observed ozone concentrations, in ppb, are indicated at various
locations along the flight paths. These concentrations were used as the basis for the isopleth
-analyses shown in the figures. The increase in ozone concentrations across the city from the
upwind to the downwind edge and beyond is apparent in both figures. The location of the max-
imum concentrations occurs between about 60 and 80 km downwind of the upwind edge of the
Houston area.

Martinez and Bach (1977) described ozone plumes downwind of smaller Texas source
areas, specifically the petrochemical complexes near Nederland and Port Arthur. In the case
that they studied, the maximum concentrations occurred about 75 km downwind of the source
area. At the wind speeds prevailing during the period of observation this represented about 3-
1/2 hours transport time. This is somewhat less than the 5 to 7 hours discussed earlier. How-
.ever, the time of the observation (1400 to 1800 local time) and the relatively small source areas
may have contributed to the maximum concentration occurring closer to the source than would
be the case for larger cities in the early afternoon.

The data collected by the 25 station St. Louis monitoring network of EPA’s Regional Air
Pollution Study (RAPS) provide a good source of information for determining the location of
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oxidant maxima and the effects of NO emissions in a city. Objective analyses of ozone and
NO, concentration distributions were prepared by computer for the afternoon hours of 13 days
in 1976. The days were chosen because at least one of the monitoring stations observed ozone
concentrations of twice the standard, i.e. 160 ppb. Examples of these analyses are given in Fig-
ure 45 . The objective analysis procedure begins by interpolating concentration values for a
regularly spaced set of 361 grid points. These grid point values, obtained from the 25 irregu-
larly spaced monitoring sites, then provide the framework for generating computer isopleths of
pollutant concentration. The interpolation scheme uses the first-degree, least-squares fit of a
polynomial surface to the data from the 5 nearest observing stations, weighted inversely with
distance (Endlich and Mancuso, 1968; Mancuso and Endlich, 1973). The objective analyses
smooth the data somewhat. This is desirable for our purposes, where we are attempting to
locate -general features of the distributions of the pollutants. The winds are represented in the
figures by vectors pointing in the direction in which the wind is blowing and centered on the
monitoring site. The length of a wind vector is proportional to the wind speed and shows the
distance that would be traveled in one hour at that speed. The winds show considerable varia-
tion in time and space. The ozone maximum occurred in the downwind direction in 9 of the 13
cases. In those 9 cases, the distancé from the upwind edge of the city to the ozone maximum
varied from about 4 to 7 times the distance corresponding to one hour’s air movement for the
typical noon wind. - The maximum concentrations generally occurred in the early- to mid-
afternoon. In one instance the maximum ozone concentration appeared to be upwind of the
city, at least for the wind directions at the time of that maximum. However, there had been
considerable variation in wind direction through the day, so that the maximum may not have
been truly upwind. o

The example shown in Figure 45 has the ozone maximum located in about the place
where it might have been expected on the basis of the high temperature wind rose for St.
Louis, given in Figure 16. This was not always the case. Comparably high concentrations were
found to the north, closer to the city and to the northeast. On one or two occasions, somewhat
lower ozone maxima were observed to the west of the city. On one occasion, to be discussed
later, higher concentrations were observed south of St. Louis. These exceptions to the rule do
not necessarily invalidate it, but they do suggest that a single monitor to locate the maximum
ozone concentrations is likely to be inadequate. Nevertheless, a station located according to the
rules given here would have observed concentrations near the maxima on many of those days
when the highest oxidant concentrations occurred.

6.3.2.3. Destruction of Ozone by Urban NO Emissions

Figure 45 illustrates the tendency for lower ozone concentrations to occur over the city.
At 1400 and 1600, there was a trough in the ozone concentration distribution over St. Louis,
while there was an increase toward the downwind direction, especially at 1400. On the other
hand, NO, concentrations were highest near the downwind edge of the city for most of the
afternoon. . '

October 1 and 2, 1976, provide better examples of the destruction of ozone over the city.
Figure 46 shows the NO, NOJ,, and ozone concentrations in the St. Louis vicinity for the after-
noon and early evening hours of October 1, a day of very light-winds. Precursors and the
resulting ozone tended to accumulate near the city. At noon, virtually all of the NOx was
present as NO,; the figure shows no NO concentrations exceeded 2 pphm. The concentrations
of NO, were at a maximum over the city. The maximum ozone concentrations were observed
just outside the city to the northwest. For the next four hours the NO concentration remained
low while the NO, and ozone patterns drifted very slowly toward the southeast. By 1800 the air
motion had reversed itself, carrying the NO, and ozone accumulations back toward the city. .
The NO concentrations rose sharply in the late afternoon and early evening in response to the
afternoon rush hour. The effect of the city was dramatically apparent at 1800. While NO and
NO2 had their maxima nearly centered over the city, there is a deep minimum in the ozone
field over the city where it was generally less than 2 pphm. Just to the south, outside the city,
concentrations in excess of 20 pphm were observed. To the northeast, also outside the city,
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FIGURE 45 OZONE AND AN02 CONCENTRATION PATTERNS IN THE ST. LOUIS
AREA DURING THE AFTERNOON OF AUGUST 25, 1976
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concentrations in excess of the federal standard were found. Obi/iously, the monitoring of
maximum ozone concentrations will require a station outside the major urban emissions area.

 Figure 47 shows that the NO concentrations remained very high over the city, throughout
the night. The concentrations of NO, also remained high and were centered over the major
emissions area. Ozone concentrations at ground level were less than 2pphm throughout most
of the area during the early morning hours. The accumulated NO remained in the area until
after sunrise. - As shown in Figure 47 the NO concentrations had dropped to about 12 pphm by
. 0800 on this Saturday morning. By 1000 (not shown in the figure), they were below 2 pphm,
where they remained throughout most of the day. Between 0800 and 1400 the winds were light
and variable but tended toward the northeast, carrying precursors with them. At 1400, the
maximum ozone concentrations were northeast of the city. Between 1400 and 1600 the light
winds tended to reverse themselves and carry the ozone back toward the city. ‘The result was a
-pattern similar to that observed the preceding afternoon. At 1800 the ozone concentrations
over the city itself were generally less than 2 pphm while those north and south of the city
reached 10 to 12 pphm. Again, the bite taken out of the ozone pattern by the NO emissions
provides considerable support to the recommendation that maximum ozone concentrations not
be sought within the urban area itself. - :

6.4. Local Effects and the Selecctlon of Specific Sites

The major types of s1te for the photochemical pollutants are supposed to represent large
areas. This means that the site should be selected so that it is in an area of small gradients and
that the readings are not affected by small changes in the location of the station. This criterion
will be met if the site is such that no single source contributes disproportionately to the read-
ings obtained there, but rather that the readings represent the sum of many small contributions
from numerous individual sources. In the case of the photochemical pollutants, sinks can be as
important as sources. Wherever possible, we have tried to quantify the effect of sources and
sinks so that we could choose some acceptable effect and then specify the conditions under
which that level would not be exceeded. If the reader disagrees with our choice of acceptable
level of influence, another can be chosen and the same methods applied to revise the siting cri-
teria accordingly.

6.4.1. Effects of Obstructions

The effects of obstructions and nearby surfaces may not be very important for hydrocar-
bon monitoring, but it is known that ozone, and perhaps the oxides of nitrogen, can be des-
troyed on contact with surfaces. It is important that sampling be done at a location where the
air has had as little contact with nearby surfaces as possible. Figure 48 is a schematic represen-
tation of airflow around a sharp edged building based on the work of Halitsky (1961), Briggs
(1973), and Gifford (1973). The figure shows that air in the cavity zone will make considerable
contact with the building. Air outside the cavity zone will have passed over the building with
minimal contact. It is assumed that the flow around other obstructions is similar to that shown
in Figure 48. According to Briggs (1973), the cavity zone extends to roughly 1-1/2. building
heights downwind of the building. Using this as a guide, we have recommended that the
sampler be separated from any obstruction by at least twice the height of the obstruction above
the inlet. Figure 48 also illustrates why it has been recommended that inlets along the side of a
building be avoided. There is airflow up the side of the building which has considerable contact
with the building and.presents a substantial possibility for destruction of a fragile pollutant.

" The inlet for sampling must extend above the roof of the building to avoid the compli-
cated airflow within the cavity zone. If the building housing the instruments is rather small, say
about 2 meters high, then an extension of the inlet above the roof by a distance of about 1-1/2
meters should be sufficient. For taller buildings it may not be possible to avoid the cavity zone
on top of the building without using an inlet line that is so long that it will introduce pollutant
losses of its own. If sampling from the top of a tall building cannot be avoided, then the wisest
course will be to place the inlet toward the upwind side of the building. Upwind again refers to
the wind direction for the most important photochemical conditions.
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6.4.2." Separation from-Roadways . ... .. . im0

Streets and roadways are 1mportant sources of possnble mterference w1th the measurement
of pollutants. In the case of NMHC and total oxides of nitrogen, they can be considered as
simple sources and their contributions can be evaluated by rather straightforward means. In the
case of NO, and ozone, the effects are more complicated. Ozone will be removed by the NO
emitted along roadways and hence the roadway will act as a sink. At the same time that the NO
is reacting to remove ozone, it’is also being transformed into NO,. In the following sections
the magnitude of the effects are estimated and related to the separatlon between roadways and
momtors ‘ .

¢
6.4.2.1. Nonmethane Hydrocarbons

Figure 49, from Dabberdt and Sandys (1976), shows the concentration normalized for
wind speed and emission-rate, at different distances from a roadway, for different wind direc-
tions relative to that roadway. The figure was obtained by assuming an infinitely long section of
roadway and calculating the concentrations using .the HIWAY computer model (Zimmerman
and Thompson, 1975). The figure shows that there is a maximum concentration at each dis-
tance for rather small angles between the winc and the roadway. Those maximum concentra-
tiohs can be combined with estimates of emission rate along the road and a minimum wind
speed to estimate the maximum concentrations likely to occur at a given distance from the
road. The slightly stable condition represented in Figure 49 w1ll provide fairly conservative
(i.e. high) estimates of the roadway contribution.

Figure 50 was derived from Figure 49 and it shows the maximum concentrations to be
expected at different distances from a roadway for three different average daily traffic (ADT)
loadmgs The figure was prepared assuming a 1 m s™! wind speed (u), and emission rates (Q)
of 4 g mi" 1 for oxides of nitrogen and NMHC. Peak- hour traffic was used to derive the figure;
it was assumed that peak hour traffic was equal to 10% of the ADT. It can be seen from Figure
50 that the maximum contribution from roadways can be kept below about 8 pphm, or about a
third of the 24 pphm standard, if the separations shown in Figure 8 are adhered to. If the
NMHC monitor were collocated with an NO/NO monitor, and the minimum setbacks specified
for those pollutants were followed, then accordmg to ‘Figure 50, the traffic contribution to
observed NMHC concentrations would only be 1ncreased t0 9 or 10 pphm at worst. If attention
is paid to the direction of the roadway relative to common wind dlrectlons, the effect of the
road can be further reduced.

;’-’v

6.4.2.2. Nitrogen Dioxide and Ozone

During the daytime there is a tendency for the concentrations of ozone, NO, and NO2 to
be in an equilibrium described by the following equatlon (see e.g., Calvert, 1976):

k1 [N02]
[Nol

,[03]

where the brackets indicate concentrations of ‘the enclosed species and the constants, k1, k3,
refer respectively to the reactions rates of: (1) the photolytic decomposition of NO, into atomic
oxygen and NO; and (2) the reaction of ozone with NO to form’ NO, and molecular oxygen.
This equilibrium takes a minute or two to be estabhshed so shorter term measurements in the
vicinity of NO sources will not usually satisfy the equation. However, the equilibrium provides
a good description over longer averaging periods. Figure 51 is a scatter diagram of the product
of INO] and [O,] versus [NO ,] at RAPS stations in St. Louis for hour-averaged observations
(0900-1000 CST on October 1 1976). The slope of the line of best fit is an estlmate of the
ratio of k /k3 for the hour. The slope is 0 96 pphm; the mtercept is 0.50 pphm?--very nearly
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zero. The correlation is better than 0.98. Assuming that k, is constant throughout the area, an
assumption which 1mp11es uniform insolation over the area, the validity of the equilibrium
assumption for hour-average data seems well established. Hours other than that shown in Fig-
" ure 51 were tested with generally similar results; however, when NO concentrations were too
low to be measured reliably, then the slope--and the ratio kI/k3--could not be determined very
well.

The equilibrium relationship provides a valuable tool for estimating the imf)act of NO
sources on ozone and NO2 concentrations during the daytime. If we also assume that any
increase in NO, (ANO ) in the vicinity of an NO source 1s caused by the reaction of NO with
0,, then

3)

AlOs] = — AINO,] | 2

Finally, it can be assumed that ail the NO mtroduced‘by a source will appear as either NO or
NO, when equilibrium is established. For the shorter term effects occurring near an NO
source, the more complicated reactions leading to other nitrogen contalmng compounds are not
important.

The original, or upwind, state is described by the steady-state equation

[NO,] [NO,] — [NO]

05l =C o1 ~ [NO]

where C = k,/k; and [NOx] [NO] + [NO,l. The new condition after the 1ntroduct10n of
NO and the reestabhshment of the steady state are:

[N 02] AV 2 new

|:03] new [ NO] e

[NO,] + AINO,}

AlOs] + 103] = Cr—— o]

_ o INOj + AlNO,)
"INOT + AINO_] — AINO,]

The net changes in [0;] and [NO,], i.e. A [0,] and A[NO,] are numerically equal, but of oppo-
site sign. This is because we have assumed that the new NO all comes from the oxidation of
NO by O,. The changes in O, and NO, concentration are of mterest in assessing the effects on
the ambient concentrations of the NO added from the roadway. The followmg definition can
then be used:

X =A[0j] = — AINO)l
Substituting from Equation (5) into Equation (4) and rearranging gives’

X2 + {[0;] + AINO,] + [NO] + C} x + A[NO,1.[05] =0 6

Equation (6) is a simple quadratic equation that can be solved for X, i.e. "the change in
ozone and NO, concentrations. It requires knowledge of the amount of NO added--A [NOx]--of
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the original conditions--[0,},.INO], and [NO,l-- and of the current value of k1 so that C =

1/k3 can be evaluated. In this model, the ox1des of nitrogen are conservative, so relatively
simple methods can be used to assess the contribution of the roadway at various locations.
Once the change in NO_ conceniration,A[NO_], caused by the roadway is evaluated, for exam-
ple from Figure 50, then the effects on ozone ‘and NO, concentration can also be estimated.

The model discussed above assumes that the quasi-steady state condition prevails. The
reactions occur relatively quickly, but not so quickly that the steady state condition will always
be a valid assumption. However, the model is still useful for the purposes of evaluating road-
way effects on ozone and NO, concentrations, because it provides a relatively conservative esti-
mate. The estimates provided by the model will generally be greater than the actual changes in
NO, and ozone when the adjustment to the steady state condition is not complete. .

Equation (6) .was solved and graphed for three values of initial ozone concentration, rang-

-ing from 80 to 240 ppb; and four values of initial NO concentrations, 1, 30, 60 and 100 ppb.

Three values of k1/k3 were also considered. Figure 52 shows the results for two values of

k /k3, 0.5 and 2. The change in ambient ozone concentration is plotted versus the change in
NO concentration when the NO is added as NO :

It is apparent from Figure 52 that when ambient NO concentrations are very low, the
introduction of large amounts of NO_ will remove nearly all the ambient ozone, and cause a
corresponding increase in NO, concentrations. For higher ambient NO concentrations, the
removal of ozone by added NO is still very pronounced, but not so large as when initial NO
concentrations are low. For nearly all the conditions, the reduction in ozone concentration is
approximately equal, numerically, to the amount of added NO when the added NO amounts
to less than about 50 ppb.

The fact that atmospheric ozone depletion (and NO2 augmentation) are approximately
equal to the added NO_ concentrations, when the added NO_ is less than about 50 ppb, allows
Figure 50 to be used to estimate the setback that will be required in order to keep changes in
ozone caused by roadway emissions below an arbitrary level. Singh et al. (1977) have indicated
that ozone concentrations in remote locations are generally in the range from about 20 to 60
ppb. Using this as a guide, the effect of a street should probably be kept below about 40 to 50
ppb. The figure shows that under the worst conditions, the effects of a single street can be kept
below about 40 to 50 ppb if we are about 20 meters removed from small streets with an ADT
of about 1000 and about 250 m from a larger street with ADT of 10,000. However, the large
freeways with ADT of about 50,000 should be 4 km away if their effects on ozone
concentration are to be less than about 40-50 ppb. A requirement for such a large separation
between a monitor and a major roadway is impractical, but may not really be necessary, because
the ozone concentrations of greatest interest {(peak-hour concentrations) are most likely to
occur in the early-to-mid-afternoon. During those hours the traffic on the roadway is less than
the 10% of ADT that was assumed in the preparation of Figure 50. Therefore, the influences
of the roadway would be correspondingly less and the required separations could be reduced to
a kilometer or two. The general areas in which the ozone monitors are to be located will usu-
ally be outside the major urban region, where streets are likely to have lower traffic volumes

- -and- be more- widely spaced. Therefore, the requirements for rather-large separations between

an ozone monitor and nearby streets and highways will not be as stringent as they would be for
locating a monitor within a heavily populated region. Furthermore, the analyses of ozone con-
centrations in the heavily populated areas suggest that the heavy NO emissions throughout
those areas will already have reduced ozone concentrations to very low levels and thus have
placed a limit on the possible effects of any nearby NO sources.

6.4.3. The Importance of Topographical Features

It was recommended that an ozone monitor not be placed in a valley but that a location
on a knoll was preferable. This recommendation arises because of the destruction of ozone. that
takes place at the surface. In a valley cold air drainage and stable conditions, especially at
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night, will cause air to-remain relatively stagnant and without vertical mixing. Under such con-
ditions the destructive processes at the surface will quickly deplete any ozone that is present
and the monitor will measure values that are less than is typical of the lower troposphere.
Singh et al. (1977) have analyzed data from remote.locations and found that the destructive
processes at the surface are appreciable even when there are no NO sources nearby. Figure 53,
from their report, shows an example of this effect. That figure shows the average ozone con-
centration for different hours of the day at two locations in Colorado. These stations are
separated by less than 5 kilometers but station C-20 is in a valley about 200 meters below sta-
tion C-23. During the daytime, when vertical mixing is generally good, the two stations show
essentially the same average ozone concentrations However, at night when vertical mixing is
generally poor, the destructive processes in the valley reduce concentrations by about 10 to 15
ppb below those at the mountain station.

6.4.4. Height of Inlet

It is recommended that inlets for ozone, NO,, and NMHC momtonng be placed within a
limited range of height, 3 to 15 m. The height range should be limited in order to allow com-
parisons of data collected at different stations to be made in such a way that data differences
represent differences in the general pollutant concentration, rather than the effects of local
sources and vertical gradients. To a large extent, practical considerations dictate that a fairly
wide range of inlet heights be allowed in order to accomodate the special situations that will
_ inevitably be encountered. The monitoring of the photochemical poliutants will not generally
be concerned with local effects. All the siting criteria have been designed to provide measures
of rather large, well mixed air volumes. The long periods of time required for the formation of
ozone ensures that it will be reasonably homogeneous, so long as the setback recommendations
are observed and local sinks are avoided. The hydrocarbon and NO_ measurements are also
supposed to represent reasonably well mixed air masses so that vertical gradients should be
small as long as local sources are avoided. Nevertheless, the two ends of the range, 3 meters
and 15 meters, may serve somewhat different purposes. When the major objective of the mon-
itoring is related to public health, then the 3 meter height is preferred over the 15 meter height
because it is closer to the breathing level. Three meters is about as low as one can get and still
avoid vandalism of the inlet. Lower heights are also likely to present obstacles to pedestrians.
The upper end of the recommended height range, 15 meters, will provide samples that are
more nearly representative of the well mixed air volume. An-inlet of 15 meters should be rea-
sofiably well removed from the destructive processes at the surface. A ‘higher inlet is also less
apt to be influenced by local traffic sources. : '
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A literature review during the early phases of this project provided a collection of papers
and reports on topics related to the measurement and distribution of the concentrations of the
photochemical pollutants. The bibliography compiled during that literature review has been
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Appendix B

“Program WINDROSE

Program WINDROSE calculates the frequency distribution of wind direction and speed
from standard National Climatic Center surface observation data. The program includes only
those winds which accompany temperatures above 80°F (26.7°C) and occur during the daylight
hours (0600 to 2000 LST). v ‘

WINDROSE was written for a CDC computer, but with a few modifications it can be
compatible for use with other machines. The program will read WBAN/WMO hourly surface
observations from tapes prepared by the National Climatic Center,. In addition to the data
tape, the only other user supplied input is a card indicating the ‘year/month/day start and stop
dates of the data to be processed. The card format is 2F7.0. : '






WNOURQSE TRACE COC 6700 FTN V340-355F gPT=0

a¥elatslaiels

(alaX o I o
Wrsrassre e G N GHUWND =
ol RO

[a1gXg)

100
110

120
130

PROGRAM WNDRCSE (INPUTSQUTPUT.TAPEL1TAPER)

wIND ROSE FROGRAM - = —~ CALCULATES FREGUENCY DISTRIBUTION UF WIND

SPEED VS WIND DIRECTIUN, PROGRAM wliILL READ #BAN/WMO HOURLY
SURFACE CUSERVATICN CARD IMAGE TARES PREPARED 8Y THE NATIONAL
CLIMATIC CENTER.: WNOAA USER MUST ENT#R START AND STUP DATES 0OF
DATA THAT IS TD BE PROCESSED.

DIMENSION DAT(BO)oCAT(l?o?)oCLASS(ﬁ)vICLAS(IZ’QWNDIQ(17,

DIMENSION WSWD(1626) e NUC(16)

DIMENSIUN TOTSPFD(7)»TOTDIR(17)

DATA (WNDOIR=4HCALMs3HNNE s 3H NE,3HENE»3H E »3HESE ,3H SE;3H°¢E-3H S
2o3HSSWs3H SWe3HWSRe3H W , 3HWNW3H NWs3HNNW,3H N )

DATA {ICLAS=]1+2929 3233444550064 7)

OATA (CLASS= 7H1 e0=2e0s 7TH3 o C=4 ¢ Oy7H3-0-60017H790‘800o
183H90-10e0+8HeGTollel) T

F?RMAT {1HL +2SX%*WwIND ROSES FOR STe LOUILIS FOR DURING %FHe0¥% TOXF860
1/

FORMAT (/1H o#%ECFe NCe =%X[4)
FORMAT (/1H %Pete NUe =%I%)
FUORMAT (/1HH +%RECe NOe =%[4)
FORMAT {2F7e0)
FORMAT {SXeFEeCsF2e0)
FORMAT (8XsF2e0¢F2¢0s4XsAlsF240)
FORMAT (// 20X*FREGQUENCIES 0JOF DCCURRENCrS*//lH » ¥ODIRECT/CATEGORY
1%6A10s3XkTOTALXYZ)
FORMAT (1H OZXAQQQX‘7(F8.102X)’
FORMAT (8A10)
FORMAT (1H +8A10) : .
FORMAT (/7 +30X*¥PeRCENTAGE UF OCCURRENCES*//1H 2 ¥DIRECT/CATEGORY
1%6A10e3X o *TOTALX/) . ’
FORMAT {/1H 2 IZ,:2F1000+3F1001s3110,F1040)
FORMAT (/1H

s XCALMA =%kF10e2s5X%N0s OF QOBSe =%[10/)
FORMAT (1H +1€I15}

FORMAT (/1H s*NCe UF CALM UBSERVATIONS:%F7e1/)
FORMAT{/1X»*CCOLUMN TOTAL*3X»7(F3s14+2X))

CALL MEMSETX {0.0,CAT.113) $ NOABS=0

READASTART AND STGP DATES YL HBE PROCESSED - FORMAT IS 2F7.0

READ SBDATELWEDATE
PRINT 1.BDATE.ELATE

"READ SURFACE OBS TAPE - WRITTEN FOR CDC COMPUTER

BUFFER IN {1,0) (DAT{1), DAT(BO))
IF (UNIT(1)) 130v1h09120

NF=NF+1

PRINT 2 sNF

GO TO 200

NP=NP+1

PRINT 3sNP

NR=NR#+1

LEN=LENGTH(1)
£O 180 I=1»LEN:8

B=3




WNDROSE TRACE ‘ COC 6700 FTN V3.0-385F aPT=0

DECODE {13,6+DAT{I)) DATE,HOUR
‘IF (DATE.LT.BCATE) GO TO 180
IF (DATEGTLECATE) GG TG 2900

C
C CHECK FOR TIME CF DAY
C

IF (HOURSLT26+04CRaHOURSGT+2040) GO _TO 180
DECODE (19+s7+DAT(1+3)) DIRsSPDyITX,TT
IF (ITXeEQelHX) GU TU 140
IF (ITXeEQe1HO) GO TO 150
TT=100e+T7
GO TO 150
40 TT==TT
0  CONTINUE

CHECK FCR TEMPERATWRE LESS THAN 80 DEG F

1
S

IF(TTLT«80.) GO TC 180
CONVERT WIND SPEED UNITS (KTS TQ MPS)

WSPD=SPD*¥0e51479
IF (WSPDeGEel11.0) GG TO 160
IWS=wWSPD+10 $ GU TG 170
160 Iws=le :
170 IC=ICLAS(IWS)

CONVERT wBAN CODES INTC 16 WIND DIRECTIGNS

CALL WINDIR
CAT(IWD,IC)
CONTINUE
GC TC 10¢C

PRINT 8.CLASS

DO 201 I=2,17
TOT=0.0

DO 202 L=2.,7
TOT=CAT{(I L)+TCT
CONT INUE
TOTDIR(I)}=TOY

CONTINUE

ATOT=0.

DO 203 L=2,7
TOT=040

DO 204 [=2,17
TOT=TOT+CAT(IsL)
CONT INUE
TOTSPD{L)=TOT
ATOT=ATOT+TOT
CONTINUE

DO 210 1=2,17
PRINT GosWNDIR(IDs {CATLIsL ) ol=2+s7)sTOTDIR{I)
CONT INUE

PRINT 18, (TOTSPD{L ) L=2,7),ATOT

DATE ReWDIR
TLIw

( IRsWDIRy WD
=ChA s IC)+1 .0 3

)
NGB85S=NOBS+1




4

WNDROSE  TRACE - CDC 6700 FTN V3,0-355F OPT=0 T7/0

ann

220

205
206

230

PRINT 169CAT(1;1)

COMPUT& THE PERLENTAGE oF GCCURRENCCS AT EACH
WIND SPEED CLASSe
DO 220 1w= 2.17 : o B
DO 220 IC=2, Lok
ws»n(xw—z,xc-la CAT(IWsIC)I%*10040/NOBS
IF (CAT{IW,IC)eGTe0e0) NOC{IW=-1)=IC~1
CONT INUE :
CALMA=CAT(1+1)%100.0/N0OBS
PRINT12,CLASS ‘
DO 208 1=24+17
TOTODIR(I)= TOTDIR(I’/NOBS*IOOo
DO 206 1=2,7
TOTSPD(I)=TOTSPD(I)/NOBS*100.
ATOT=ATOT/NOBS*100. o
DO 230 1=1,16 ) '
PRINT 9-“NDIR(I+1)'(NShD(IoL),L lob).TCTDIR(I+1’
CONTINUE -
PRINT 18,(TOTSPDIL) sL.=247),ATOT -
PRINT 14,CALMA,NOBS
STORP200
END

Sy rye
DERARES

DIRECTIOGN IN EACH
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